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Foreword

Although the history of occupational diseascs extends buck for cen-
turies, many of them still go unrecognized today. At the present time,
the potential sources of exposure are more numerous than ever. No
matter how esoteric the causative agent, the diseases usually manifest
themselves in relatively conventional forms. The problem is that the
occupational origin is frequently overlooked.

It is hoped that the information contained in this guide will aid in
the carly detection of occupational discases, thereby lessening an un-
necessary burden on the nation’s workforce as well as on our economy
and productivity.

SEEN NI
\ i‘lw‘ A _‘ AL M0
, /
John F. Finklea, M.D.
Director, National Institute for
Occupational Safety and Health



Preface

The problems and prospects in the field of occupational safety and
health have been epitomized by the dungers, acute and chronic, from
the flood of new products our technology so freely gives us, and by the
support, federal and state, implicit in the provisions of the Qccupational
Safety and Health Act of 1970, PL 91-596.

The Act is truly landmark legislation. It focused awareness on the
actual and potential health problems inherent in the sudden accession
of thousands of new chemical, physical, and biological combinations
into the environment. The National Institute for Occupational Safety
and Health was created by this Act. One of the Institute’s primary func-
tions is to assess the extent of, and means for preventing, health hazards
in thc workplace and to disseminate the information realized.

This guide is offered as onc way of making available information
necessary for timely recognition of symptoms of occupational diseases in
furtherance of the national effort to assure “for every working man and
woman in the nation safe and hcalthful working conditions.”

Since 1918, when thc earliest version of this guide was first pub-
lished, there has been a recognized need and demand for guidance in
diagnosing occupational diseases. With the enlarging scope and im-
portance of occupational diseases and the continuing development of
epidemiologic, clinical, and toxicologic information relating to their
causation and diagnosis, a completely rewritten and enlarged edition of
the text was published in 1964 with the title Occupational Diseuses: A
Guide to Their Recognition.

In the ensuing years from 1964 to 1977, changes have come about
that warrant another complete rcvision and rewrite of the text. The
stature of occupational safety and health dramatically changed with the
passage of the Occupational Safety and Health Act of 1970. This field
now has national recognition and the impetus of a national research and
enforcement effort.

Although the content and organization of the book have changed,
the purpose remains as stated in the 1964 edition: ‘“to prevent and con-
trol the potential discases of the occupational environment, thus leading
to the fulfillment of the primary objective of optimal health for the work-
ing population.”

This implies that the physician must be able to recognize work-
related illnesses so as to take appropriate action, not only to institute
proper treatment, but to assure that patient care is coordinated with
management of the environment by those in control so that recurrence
of such illnesses may be prevented.

iv



Abstract

Occupational diseases are discussed in terms of occupational health
hazards as a means to recognition of the disease. The text covers routes
of entry and modes of action, chemical hazards, physical hazards, bio-
logical hazards, dermatoses, airway diseases, plant and wood hazards,

chemical carcinogens, pesticides, sources of consultation, and a list of
refcrences.
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...the orts that men practice are various and diverse and from
them may arise voarious diseases. Accordingly, | have tried to
unearth in the shops of craftsmen, for these shops are schools
whence one con deport with more precise knowledge, whalever
may oppeal to the taste of investigators, and, which is the main
thing, to svggest medicol precavtions for the prevention and treat-
ment of such diseases as vsually affect the workers. . . .a doctor. . .
should. . . question .. .carefully, .. .Whol occupation does he fol-
fow?

— Romazzini



INTRODUCTION

The increase in the number and complexity of substances found in
the workplace—substances that sometimes spill over into the community
environment—makes imperative the disscniination, as efficiently and
conveniently as possible, of certain basic information relating to occu-
pational diseases.

This revised edition -has been prepared as a ready reference in oc-
cupational diseases for physicians and nurses. Others who may find this
reference helpful include consultants, industrial hygienists, and allied pro-
fessional personnel who work with those engaged in business, industry,
and agriculture. It is hoped that this book with its lists of references will
be of use not only to the physician and occupational health nurse, but
also to others responsible for planning and carrying out preventive oc-
cupational health programs.

DIAGNOSIS

Physicians are regularly consulted by workers with signs and symp-
toms of definite, as well as indefinite, character. The cxtent of the diag-
nostic problem is magnified by the introduction into the work environ-
ment of an ever-incrcasing number of substances whose potential for
harm is not fully explored prior to their introduction for use.

The passage and implementation of the Toxic Substances Control
Act of 1976 should, to a considerablc extent, ameliorate the problcm
of awareness of toxic substanccs. Nevertheless, the physician must main-
tain a constant vigilance to lead him to suspect the occupational environ-
ment as a possible causative factor.

Occupational History

The physician must be mindful not only of the prcsent occupation
of the worker but of former ones as well since a patient suffering from
ccertain ailments may no longer be exposed to the occupational cnviron-
ment responsible for his present condition. In addition, the physician
must be alert to those situations where exposures to certain chemicals
and other environmental hazards arc only occasionally experienced by
the worker.

By continucd vigilance regarding the occupational history and the
hazards encountered, the physician can usc these occupational findings
more effectively in forming judgments concerning disabilities and in the
diagnosis and treatment of discase. With this knowledge and interest
the physician can diagnose many previously puzzling and obscure cases.
More important is the role the physician can play in preventing the re-
currence of the illness by proper reporting and by coordinating concerns
about the worker with management and responsiblc public officials. In
this way, the physician may add not only to the knowledge of occupa-
tional diseases and disabilities, but also to the understanding of the pos-
sible part played by work factors in thc development and aggravation of
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4 OCCUPATIONAL DISEASES

diseases and disabilities not usually associated with the work environ-
ment.

Nonoccupational History

It must be pointed out that in evaluating signs and symptoms it is
essential that the physician consider also the possible part played by the
nonoccupational environment. For example, the worker may have taken a
medicine which might account for the illness. On the other hand, the
worker may engage in hobbies after work hours which involve the hand-
ling of an-injurious agent.

Moreover, the physician in the study of the nonoccupational envi-
ronment of the worker may find a factor possibly synergistic, or poten-
tiating, in its effect on the hazards presented in the occupational envi-
ronment. Questions concerning the nonoccupational environment should
be routinely raised; in some cases, the information elicited is vital in
establishing a diagnosis.

Bases for Diagnosis

Regardless of whether the environment concerned is occupational
or nonoccupational, the diagnosis must be based on 1) a meticulously
taken history, 2) knowledge of the nature and severity of the exposure,
3) signs and symptoms furnishing corroborative evidence as to its ac-
curacy, and 4) supporting clinical and analytical laboratory tests indi-
cating the extent of the exposure.

Using the Diagnosis

The primary purpose of the diagnosis is to mark the course of treat-
ment necessary for the care of the worker to permit his return to health.
But the physician will be remiss if the information coming to him from
contact with his patient, as it relates to exposure at the workplace, is not
transmitted to those who can best utilize such information in implement-
ing preventive health programs for the protection of all workers.

Regulated Occupational Exposures

The physician and the nurse, as well as the industrial hygienist and
other health professionals, must be aware of those occupations in which
substances which present hazards to the worker have been covered by
mandatory regulations as to extent of exposure permitted. Many of
these regulations will provide for a minimum medical surveillance pro-
gram and will specify certain tests and procedures necessary to the con-
trol of the exposure, All details of these surveillance programs have not
been included in this text since the information is available in the Code
of Federal Regulations, Title 29, Part 1910, Copies of Title 29 are avail-
able at most libraries and may be purchased from the U.S. Government
Printing Office.
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CONTENTS

Three major categories of hazard, chemical, physical, and bio-
logical, are presented. Numerous publications and the files of the Na-
tional Institute for Occupational Safety and Health served as reference
sources. The basic compilation from which the text was produced was
prepared under Contract HSM-99-73-90 by Tabershaw-Cooper Asso-
ciates.

In addition to the sections on chemical, physical, and biological
hazards, because of their importance in occupational health, separate
sections are presented on routes of entry and toxic mechanisms, plant
and wood hazards, skin irritants and sensitizers, pneumoconioses, chem-
ical carcinogens, and agricultural chemicals.

Diagnostic Tests

The special diagnostic tests suggested under the various hazards are
intended as an aid to the physician with the hope that they will stimu-
late the use of more detailed textbook or reference material dealing with
the test or disease in question. Reference to appropriate mandatory
federal standards and recommended threshold limit values are included
in some instances, but it must be recognized that the standard setting
process under PL 91-596, the Occupational Safety and Health Act of
1970, is a continuing one. The most appropriate and best source for
these standards is the previously referenced Title 29 of the U.S. Code
of Federal Regulations.

Occupations

Occupations associated with different environmental agents appear
in various sections under the heading Potential Occupational Exposures.
The word potential is used because it is not to be assumed that the mere
presence of an injurious agent will lead to an occupational disease or
disability. Much depends upon such factors as severity and duration of
exposure, individual susceptibility, and the health protection practices
adopted by management and the worker.

When similar activities are performed in similiar or different indus-
tries, the same name is used for the occupation wherever possible. In
general, the term worker includes both maker and user.

Sources

A section is included which lists sources of consultation on matters
pertaining to industrial hygiene and occupational health.

A list of gencral references on occupational health comprises one
section. Specific references are also subjoined to various sections, sub-
secttons, and the different chemical hazard items.

Exclusions

Material on treatment generally has not been included since such
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information is readily available elsewhere. The prevention and control
of health hazards has been given only minor attention because it was
felt that this field is adequately covered in other publications, including
The Industrial Environment—Its Evaluation and Control published by
the National Institute for Occupational Safety and Health in 1973.

Special problems such as mental illness, alcoholism, and drug ad-
diction, as well as related areas such as workers’ compensation, have not
been discussed since they are covered in other publications.

USE OF TEXT

Some of the sections will be followed by a reference list for material
cited in the text; other sections will be followed by a bibliographical list
for sources of supplementary information. These section lists are sup-
plemented by Section X1.

Since this publication has been prepared primarily as a reference
source for professional personnel interested in the prevention, diagnosis,
and management of occupational diseases, it is probable that some read-
ers will encounter some areas of little interest and will prefer to exercise
their prerogative of judicious skipping. This is recommended. But it is
also recommended that care be used to prevent misuse of the data pre-
sented. Nonprofessional interpretation of the clinical material must not
become a substitute for competent medical consultation.

Inevitably in a compilation of this nature, there is a variety and
divergence in style of writing, views, and priorities. These are evidenced
in the various sections of the text, and they have been retained in the
interest of clarity and emphasis.
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All substances are p
The right dose differentiates o

; there is none which is not a poison.
and a dy.

= Paracelsus
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ROUTES OF ENTRY AND MODES OF ACTION

Herbert E. Stokinger, Ph.D.

Routes of Entry

There are at least three routes by which industrial substances can
gain entry into the worker’s body. In order of importance they are in-
halation, skin contact, and ingestion. It is obvious that some substances
may have multiple routes of entry. These will be noted in the appro-
priate section.

INHALATION

The adult human lung has an enormous gas-tissue interface (90
square meters total surface, 70 square meters alveolar surface). This
large surface, together with the blood capillary network surface of 140
square meters, with its continuous blood flow, makes possible an ex-
tremely rapid rate of absorption of many substances from the air in the
alveolar portion of the lungs into the blood stream.

Some highly water soluble substances, such as the soluble halogen
salts (but not their acids) and soluble chromates (but not chromic acid),
may pass through the lung so fast that none can be detected in this organ
directly after cessation of their inhalation. On the other hand, there are
many industrially important substances which, by reason of their ex-
treme insolubility in body fluids, or their rapid reactivity with lung con-
stituents, remain for extended periods in the lung. They resist complete
clearance by phagocytic or other forms of clearance action and may re-
sult in irritation, inflammation, edema, emphysema, granulomatosis,
fibrosis, malignancy, or allergic sensitization.

Some of the highly reactive industrial gases and vapors of low
solubility can produce an immediate irritation and inflammation of the
respiratory tract and pulmonary edema. Prolonged or continued ex-
posure to these gases and vapors may lead to chronic inflammatory or
neoplastic changes or to fibrosis of the lung. Fibrosis, as well as gran-
ulomatosis and malignancy, also may be produced by certain insoluble
and relatively inert fibrous and nonfibrous solid particulates found in
industry. Indeed, it is now thought that one of the prerequisites for
particulate-induced bronchogenic carcinoma may be the insolubility of
the particulate in the fluids and tissues of the respiratory tract, which
thereby allows requisite residence time in the lung for tumor induction.

GASES, FUMES, VAPORS

The irritant acid gases as a group (the halogen acid gases and the
basic oxide fume particulates, vanadium pentoxide fume and copper
fume) are examples of direct, fast acting substances in the upper airway
passages. Irritation of these passages occurs from these substances at
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12 OCCUPATIONAL DISEASES

concentrations only slightly above the industrial air standard. Bis(chlor-
omethyl) ether, on the other hand, is an example of a slow-acting irritant
gas. It produces an esthioneuroepithelioma of the olfactory epithelium
of the rat at extremely low concentrations (ca. 100 ppb) after several
months of exposure. Many of the metal oxides of submicron particle
size (fume) produce both immediate and long term effects; the latter
may occur in organs and tissues remote from the site of entry. For
example, cadmium oxide fume inhaled at concentrations well above the
industrial air standard may produce immediate pulmonary edema that
can be fatal; in addition, inhalation over many years of the fume at con-
centrations of a few multiples of the standard can result in eventual renal
injury and pulmonary emphysema.

Very soluble gases, such as sulfur dioxide and ammonia at maximum
tolerated concentrations (about 20 ppm for sulfur dioxide, up to 500
ppm for ammonia), seldom proceed much farther down the respiratory
tract than the bifurcation of the trachea. Indeed these two gases are so
soluble that for all practical purposes they are usually completely ab-
sorbed in the nasal passages, whereas the highly irritant but less soluble
gases, such as nitrogen dioxide, phosgene, and ozone, reach the deeper
recesses of the respiratory tract, affecting mainly the bronchioles and
the adjacent alveolar spaces, where they may produce pulmonary edema
within a few hours. If exposure is of sufficient concentration and dura-
tion, emphysema and fibrosis may ultimately develop.

Gases and vapors of low water solubility but high fat solubility, on
the other hand, pass through the lung into the blood to be distributed to
organ sites for which they have special affinity, provided they do not
combine with blood components. Typical of those gases and vapors that
exert their principal effects after absorption from the lung are such vola-
tile liquids as carbon disulfide, volatile aliphatic hydrocarbons (the
methane series), volatile aromatic hydrocarbons (the benzene series),
the volatile halogenated hydrocarbons, and the aliphatic saturated ke-
tones, such as methyl ethyl ketone, alcohols, and glycols.

It should be recognized and taken as a general rule, that each in-
dustrial chemical can affect a variety of bodily reactions, depending upon
the nature and degree of exposure. For example, single exposures to
carbon disulfide at levels several fold above the threshold limit value
(TLV), can lead to narcosis and its sequelae; repeated daily exposures
for many years at levels a few fold above the TLV can result in effects
on the central nervous system (polyneuritis and psychosis) as well as on
the cardiovascular system, liver, and kidney. Similarly, certain halogenated
hydrocarbon solvents produce narcosis after brief exposures above the
TLV; after long repeated daily exposures a few fold above the TLV, they
may injure the liver or the kidney. Single, massive exposures to some of
these substances can produce pulmonary edema.

ADSORPTION
The toxicologic action of some gases and vapors may be consider-
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ably enhanced by adsorption on solid particles. The physicochemical
theory for this is that those adsorbed gases which would normally never
reach the deeper, more sensitive portion of the lung are carried there in
very high concentrations when adsorbed on particles of small size.

There are now a number of instances that appear to confirm the
above theory. A 27-fold increase in pulmonary airway resistance oc-
curred from the inhalation of a mixture of the irritant gas, sulfur diox-
ide, and the inert particulate, sodium chloride, over that produced by
sulfur dioxide alone at a concentration of 2.6 ppm. Other irritant gases
in a sodium chloride admixture behave similarly. The serious health
effects at Donora, Pa., are now attributed to the adsorption of sulfur
dioxide on zinc ammonium sulfate. The Los Angeles eye irritation re-
sulted from some unidentified vapors (aldehydes? peroxyacetyl nitrates?)
adsorbed on smog particulates, Perhaps the most striking example of
enhancement of toxicity from gaseous adsorption is that of radon; es-
sentially no body retention of radon occurs if the inhaled air is dust-free.

BREATH ANALYSIS

If the inhaled gases and vapors are body-fat soluble and are not
metabolized, they may be cleared from the body primarily via the res-
piratory system. Examples of these are some of the well-known industrial
organic solvents; the volatile halogenated hydrocarbons; the volatile ali-
phatic, olefinic, and aromatic hydrocarbons (the methane and benzene
series and certain olefinic homologues); some volatile aliphatic saturated
ketones and ethers; aliphatic esters of low molecular weight; and certain
other organic solvents such as carbon disulfide.

For those industrial solvents that continue clearing from the body
in the exhaled breath for several hours following exposure, analysis of
the rate of excretion in the breath of the exposed worker offers a labora-
tory test that may be very helpful in showing not only the nature of the
substances to which the worker was exposed, but also the magnitude of
the exposure and probable blood levels. By the use of gas chromat-
ographic or infrared analysis of the breath samples, the identification of
the substance is established, permitting comparison of the exposed
workers’ breath decay rate with published excretion curves (1). The
physician can then estimate the magnitude of the original exposure,
There is, however, considerable individual variation and it is not easy to
set standard values.

PARTICULATES

The factors governing the sites of deposition, retention, distribution,
and ultimate health effects of solid and liquid particulates obviously
differ in most respects from those just mentioned for gases, fumes, and
vapors. There are two exceptions, submicron particles =0.05 pm in
diameter, which may act as gases adsorbed on particulates, and liquids
adsorbed on particulates.
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DEPOSITION

There are four major factors that influence the site of the ultimate
toxicologic response to inhaled particulates: 1) the aratomic arrange-
ment and physical dimensions of the respiratory system, 2) the physio-
logic character of breathing rate and depth, 3) the physical nature of the
particle-size, surface area, “solubility,” and hygroscopicity, and 4) the
biochemical reactivity of the soluble components of the particle.

The knotty problem of handling particles of all sizes, shapes, and
densities has been resolved by relating all particles to a median aerody-
namic diameter. This is the diameter of a unit-density sphere with the
same settling velocity as the particle of concern. The cut-off point for

respirable size is conventionally taken as 5 um expressed as an aerody-
namic diameter.

The aerodynamic diameter of particulates determines which par-
ticles will or will not present exposure to the respiratory system and
gives some indication of the degree of impaction in the various com-
partments of the respiratory system, and hence the site of particle deposi-
tion. Thus, a particle such as uranium dioxide with a high density of 10.9
and diameter of 0.5 um will behave as a unit-density spherical particle
of 1.65 pm, and can be expected to settle out of undisturbed air at
the rate of a larger diameter particle, and impact more in the upper
respiratory passages than its measured size would indicate. The sedi-
mentation rate of fibers depends on their diameter and is independent
of length. Fiber geometry is also important in relation to certain toxi-
cologic properties, for example, in the induction of mesotheliomas.

To simplify calculations of the deposition pattern of the aerosol of
concern, the manifold compartments of the respiratory system are re-
duced to three: the nasopharyngeal, tracheobronchial, and pulmonary
(2). If the particulates are assumed to be present as log-normal dis-
tributions and three tidal volumes are used, a table can be developed
showing the amount of particles deposited in each of the three compart-
ments according to unit-density sizes, ranging from 0.01 to 10 um. As
might be expected, no particles less than 0.6 ym were deposited in the
nasopharynx at any of the three breathing rates, whereas practically
all of the particles greater than 6 um were deposited at this site at all
breathing rates. Thus, the major site of deposition of the smaller par-
ticles is the lung; deposition in the tracheobronchial compartment never
exceeded 25 to 30% of the total particles inspired even at the smallest
sizes (around 0.01 ym) and the slowest breathing rate (3). Although
various degrees of mouth-breathing would upset the calculations of
deposition in the upper respiratory tract, it is not believed to affect ser-
iously pulmonary deposition.

Hygroscopicity, however, setiously affects deposition of smaller,
highly water-soluble particles by increasing their size as they travel down
the respiratory tract in its 95% humidity. Thus, in some instances, it
is possible for a small size particle in an atmosphere of low humidity to
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so increase its size in the respiratory tract as to alter considerably the
deposition pattern characteristic of the entering particle size.

As is true with all generalizations, differences in deposition patterns
can be expected, and indeed have been demonstrated, particularly for
the lung where ventilation among the five lobes is normally variable.

Another factor which alters deposition patterns is electric charge,
commonly associated with particle sizes less than 0.1 pm in diameter,
i.e., newly generated fume. Such particles have enhanced nasopharyngeal
deposition.

CLEARANCE AND RETENTION

In evaluating the health hazards from inhaled aerosols, four com-
bined physio-chemical actions must be considered: 1) ciliary move-
ment, 2) phagocytosis and lymphatic drainage, 3) direct intercellular
penetration, and 4) solubilization or leaching.

Respiratory tract cilia do not extend beyond the terminal bron-
chioles. Particle clearance by upward ciliary movement takes place
from the terminal bronchioles upward to the throat where the particles
are transferred to the gastrointestinal tract by swallowing. Thus, ex-
posure of the respiratory tract to particles may also involve exposure of
the intestinal tract. With the exception of soluble particles impacting in
the nasal passages and being absorbed there, clearance by solubilization
from the tracheobronchial passages is not important.

Phagocytosis represents the major mechanism for clearing most
particulates from the lung. Moreover, the presence of dusts stimulates
the appearance of phagocytes at the site, so that repetitive exposures
increase the rate of phagocytosis and hence the rate of clearance of dust
from the lungs. Lymph drainage of the dust-filled phagocytes to the
lymph nodes represents 2 to 10%. of the clearance of the total pulmonary
dust burden for certain insoluble oxide dusts.

Direct intercellular penetration offers another clearance mechanism
of variable magnitude depending on the solubility, shape, and biologic
activity of the dust. Thus, a particle that is not readily coated with se-
rous protein, or other lung constituent, would penetrate the cell and then
be cleared by this mechanism more readily than one that is coated.

Obviously solubilization represents the dominant clearance factor
for particles readily soluble in respiratory tract fluids. Highly soluble
dusts, such as the chromates of the alkali metals, pass through the lungs
in a matter of minutes, and even grossly insoluble mineral dusts, such as
certain types of asbestos, are subject to leaching of their metals and con-
sequent clearance of these elements from the lung. A partial listing of
inorganic compounds according to three pulmonary clearance classifica-
tions has been attempted for those compounds cleared in less than one
day to 10 days, those requiring more than 10 days to 100 days for
clearance, and those greater than 100 days, clearance time being ex-
pressed as biologic half-life (2).
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While the site and degree of particle deposition is altered by a var-
iety of factors and the magnitude of these factors is largely known, much
less is known about the factors governing clearance. Mucociliary action,
one of the major factors, varies with any factor or agent that affects
ciliary beat or mucus production. They include temperature, humidity,
industrial respiratory irritants, and cigarette smoking (4). The amount,
site, and frequency of deposition also affect clearance rates indirectly,
presumably by stimulating phagocytosis to varying degrees. Clearance
rates differ appreciably among individuals (5).

SKIN CONTACT

Upon contact of a substance with the skin, four actions are possible:
1) the skin and its associated film of lipid can act as an effective barrier
against penetration, injury, or other forms of disturbance; 2) the sub-
stance can react with the skin surface and cause primary irritation (der-
matitis); 3) the substance can penetrate the skin and conjugate with
tissue protein, resulting in skin sensitization; and 4) the substance can
penetrate the skin, enter the blood stream, and act as a potential sys-
temic poison.

Although one of the skin’s principal physiologic functions is to
serve as a protective barrier against entry of foreign substances into the
body (6, 7), serious and even fatal poisonings have occurred from brief
exposures of confined areas of the skin to highly toxic substances such
as parathion and related organic phosphates, the organometallics, the
alkyl leads and tins, and aniline, phenol, and hydrocyanic acid. Abra-
sions, lacerations, and cuts may greatly enhance the penetration of the
skin.

How large a role the skin plays as a route of entry in occupational
exposure can be seen by consideration of those substances in the Amer-
ican Conference of Industrial Hygienists’ Threshold Limits list bearing
the notation “Skin.” Of the 579 items (*) in the 1976 Threshold Limit
Value (8) booklet, 138 are listed under skin, indicating about one in four
industrial substances presents an appreciable exposure via the skin. It
should be noted, however, that appreciable exposure via the skin occurs
generally from direct contact with undiluted substances, and for the most
part exposure is not appreciable at or around the TLV. How important
appreciable skin contact can be in industrial exposures is shown by sub-
stances, such as benzidine, which have negligible vapor pressure, but are
readily absorbed through the skin. For such substances, the skin pro-
vides the major route of entry, and it is for this reason that no air stand-
ard has been set for these substances. Exposure is controlled by biologic
monitoring or engincering and personal protective procedures.

(*)Items, not substances, for two reasons. Some listings refer to groups
of substances, €.g., metals and insoluble compounds; others represent
typical examples, ¢.g., substances in Appendices E and F.
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ABSORPTION PATHWAYS

Although technically the two main routes of skin absorption are
through epidermal cells (transepidermal) and through hair follicles and
sebaceous glands (pilosebaceous), the transepidermal is the principal
route because of the relatively small absorbing surface of the piloseba-
ceous units, even though these units offer greater permeability than the
epidermal cell layers. Transepidermal absorption is influenced by the
superficial barrier lying between the stratum corneum and the uppermost
layer of living epidermis,

In general, percutaneous absorption of inorganic substances (elec-
trolytes), including water, is negligible. Only those inorganic substances
that are nonionic or ionize very slightly, such as boric acid, certain salts
of mercury, and the halides of beryllium, are absorbed to any degree.
On the other hand, fat-soluble substances (mainly organic compounds)
are absorbed fairly rapidly.

Most substances that are both water- and fat-soluble, e.g., amines
and nitriles, penetrate so rapidly that the rate of absorption is compar-
able to that of gastrointestinal or even pulmonary absorption. The num-
erous factors that affect absorption of hazardous substances through the
skin can be grouped into physicochemical and physiologic.

PHYSICOCHEMICAL FACTORS

Chemical structure and its associated physical property, lipid/water
solubility, are major determinants of absorption. Concentration and
tissue reactivity, however, can take precedence over other physicochem-
ical factors.

As a general rule, any substance having a caustic effect (such as
phenol or cresols) or having a protein-coagulation effect (such as heavy
or polyvalent metals), when contacted in high concentration, will be ab-
sorbed in relatively smaller amounts than when contacted at lower con-
centrations that do not cause protein coagulation. Moreover, prior con-
tact of the skin with caustics or astringents decreases the absorption of
other absorbable substances. Gases and vapors usually show increas-
ing penetration with increasing concentration. However, skin absorp-
tion of gases, at or below the TLV contributes negligibly to the overall
toxicity from air exposure. There appears to be a barrier, though rela-
tive, to even lipid and water-soluble substances; e.g., pentanediol and
diethyleneglycol.

The reasons for the relative barrier effect are not known, but it is
possible that chemical combination with skin constitutents may fix such
substances in situ. Some substantiation for this view is the finding of
mustard gas fixed in the epidermis and corium of human skin 24 hours
after application (9).

Changes in pH have been shown to aid penetration of some of the
few substances that have been measured; certain surfactants are ab-
sorbed most readily from buffered solutions with pH values greater than
10.5. On the other hand, certain polyvalent metals are absorbed more
readily from solutions of low pH.
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Prior application of any solvent that removes cellular lipid, such as
benzene, alcohol, or chloroform, increases barrier-cell permeability. An
increased penetration of iodine and dyes follows the use of saponin, a
cholesterol precipitant. Conditions leading to minimal ionization at skin
pH probably lead to greater absorption.

Vehicles, despite common impression otherwise, play a negligible
role in increasing percutaneous absorption; substances incapable of pene-
trating the barrier are not “carried through” by a vehicle. Vehicles do,
however, enhance absorption by transappendageal route (7). This is
accomplished by diminishing the surface tension between the liquid and
the follicular pore and by bringing the substance into more intimate con-
tact with the follicular pore and the hair canal.

Temperature elevation may be expected to increase skin absorp-
tion by increasing vasodilatation and thus increasing the rate of trans-
port away from the skin, and by increasing the rate of diffusion.

PHYSIOLOGIC FACTORS

The barrier effect on percutaneous absorption of both the lipid
surface film on the skin and the horny layer has been overestimated.
The horny layer has large pores that can be penetrated even by large
molecular aggregates; the waxy lipid film is miscible with water because
it contains cholesterol, its esters and waxes, all of which are emulsifying
agents. Hence, the major barrier to absorption lies between the stratum
corneum and the uppermost layer of living epidermis.

Human skin shows great differences in absorption at different ana-
tomic regions (10). If the skin of the forearm is used as a frame of ref-
erence, the palm of the hand shows approximately the same penetration
as the forearm for certain organic phosphates and carbamate insecticides.
The dorsum of the hand and the skin of the abdomen have twice the
penetration potential of that of the forearm, whereas follicle-rich sites,
such as the scalp, forehcad, angle of the jaw, and postauricular area
have 4-fold greater penetration. The intertriginous axilla has a 4- to
7-fold increase; the skin of the scrotum allows almost total absorption.

The physiologic factors promoting absorption are chiefly due to
elevated temperature effects on the skin resulting in hyperemia and
sweating (hydration of skin). Hyperemia, which can be caused by some
factors besides temperature elevation, promotes skin absorption by in-
creasing the rate of removal of the penetrated substance from the corium
by providing greater concentration gradients between skin surface and
deeper tissues. Gases and vapors are the substances most affected when
in aqueous solution. Hair, an excellent collector of fine dusts, materially
increases transappendageal absorption.

SWEATING AND HYDRATION

It has been recognized clinically and observed in industry (11) that
absorption of toxic substances is more likely to occur when the clothing
that is worn keeps the skin wet than when it keeps the skin dry. Sweat-
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ing may increase the skin lipids, suggesting that the absorption of lipid-
soluble substances should increase. Sweat is also instrumental in eliciting
certain allergic cutaneous hypersensitivities (e.g., from chromium or
nickel). As these apply to the metals themselves, it is the acidity of the
sweat that leaches small amounts from the metals in contact with the
skin to induce the allergic hypersensitivity. Data on the relative mag-
nitude of the increase in absorption from a wet skin are very limited;
absorption of ethyl nicotinate was increased by a factor of 6 for a cold-
soaked arm, 12 for a hot-soaked arm (10).

ABRADED SKIN

It is evident from skin-stripping experiments that abrasion of the
skin dramatically increases percutaneous absorption as far as the sub-
stances histamine and Privine are concerned. Differences between intact
and abraded skin ranging from 10,000 to 100,000 times were found for
both substances (10).

INGESTION

Health hazards to the worker from ingestion of industrial substances
in comparison with those from the inhalation and skin contact routes
are generally of such a low order as to warrant only limited discussion.

First, the number of substances that can be ingested are fewer as
it is virtually impossible to ingest a vapor or gas.* Second, the frequency
and degree of contact are very limited; mouth contact with substances
on hands, in food, in drink, and on cigarettes is far less frequent, of
shorter duration, and lesser in amount during the work shift than that
with other routes of entry.

Third, and most important, toxicity by mouth is generally of a
lower order than that by inhalation. Reasons for this include: 1) poor
absorption into the blood stream; 2) subjection to relatively high acidity
(pH 1 to 2) in passing through the stomach; 3) subjection to the alkaline
medium of the pancreatic juice on passing through the small intestine.
Both these latter may act to reduce toxic organic substances through
hydrolysis to less toxic substances. Moreover, the pancreatic enzymes
begin to convert (metabolize) some substances to less toxic moieties well
before the parent substance is absorbed.

Favoring low absorption also are the following: 1) Food and lig-
uid mixed with the toxic substance not only provide detoxifying dilu-
tion, but also frequently reduce absorption because of the formation of
less soluble substances resulting from complex interaction with ingested
substances in the gastrointestinal tract. 2) There is a certain selectivity
in absorption through the intestine that tends to limit absorption of
“unnatural” substances. 3) After absorption into the blood stream, the

*Exceptions—mouth-breathing, gum and tobacco chewers can absorb appreciable
amounts of gaseous substances during an 8-hour workshift.
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toxic material goes directly to the liver which further metabolically alters,
degrades, and detoxifies most substances.

It is worth noting, however, that the ingestion route contributes
secondarily to the intake of particulates by inhalation. That portion of
inhaled material that lodges in the upper parts of the respiratory tract is
swept up the tract by ciliary action and is subsequently swallowed.

Although the foregoing statements on reduced toxicity by ingestion
in comparison with that by inhalation are true in general, there are ob-
viously striking exceptions. Notable among the exceptions are those
highly toxic elements with slowly cumulative action such as arsenic, cad-
mium, lead, and mercury. Recognition of the potential of such elements
to add to the body burden through ingestion has led to prohibiting eat-
ing, drinking, and smoking in areas where there are such exposures.
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Modes of Action

Toxic substances exert their effects by physical, chemical, or physio-
logic (enzymatic) means, or by a combination of these. This classifica-
tion is consistent with a definition of toxicity which includes irritation,
narcosis, tissue injury and disease, sensitization, carcinogenicity, muta-
genicity, and teratogenicity. Depending upon the state of development
of toxicologic knowledge, the mode of action for a particular substance
or group of substances may be described at the level of an organ or
tissue, at the cellular level, or at the subcellular, molecular, or free-
radical level. In what follows, the lowest level of effect consistent with
available knowledge will be used. In some cases, this could lead to er-
roneous classification; i.e., those mechanisms now regarded as physical
may later be shown to be chemical or physiologic.

PHYSICAL

Harmful substances that have a solvent or emulsifying action can
produce, after prolonged or repeated contact, a dry, scaly, and fissured
dermatitis. This effect is commonly attributed to the physical removal
of surface lipid, but may also be caused by denaturation of the keratin
or injury to the water barrier layer of the skin. Acid or alkaline soluble
gases, vapors, and liquids may dissolve in the aqueous protective film
of the eye and mucous membranes of the nose and throat, or in sweat,
causing irritation at these sites. Moreover, such insults may erode teeth
and produce changes in hair structure.

Irritants

On the inner surfaces of the body, the lungs and gastrointestinal
tract, physical contact with unphysiologic amounts of substances causes
irritation. This may lead to inflammation, or produce contraction, as in
the reflex constriction of the respiratory passages upon inhalation of an
irritant gas with resultant coughing or choking. In the upper gastroin-
testinal tract, the effect may include vomiting and, further down in the
tract, the irritation may result in abnormal peristalsis and defecation.

Inert Gases

Inert gases can exert serious and often fatal effects simply by phys-
ical displacement of oxygen, leading to asphyxia. Under pressure, inert
gases such as nitrogen can produce compressed air illness by dissolving
in unphysiologic amounts in the blood, lymph, and intercellular fluids,
or may rupture delicate membranes such as the eardrum. Sudden, or
too rapid, decrease in pressure results in decompression’ sickness. Less
inert gases such as carbon dioxide and oxygen under greater than at-
mospheric pressure can lead to narcosis and other more serious effects,
such as pulmonary hemorrhage and nerve and brain damage.
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Adsorption

Physical adsorption of gases or vapors on solid or liquid particulates
(aerosols), may, upon inhalation, lead to physiologic effects out of pro-
portion to that anticipated from their inhaled concentration prior to ad-
sorption. The action is known as synergism when the effect of gas and
particulate exceeds the sum of the effects expected from either alone, or
antagonism when the effect is less than expected. A physical theory has
been developed to explain these abnormal actions. It is based on the
molecular properties of gases, and accounts for the synergism by postu-
lating that “‘adsorbed” layers of the gas on inhaled particulates will carry
to the sensitive lung tissue enormously increased concentrations of the
gas that become localized, point sources of contact. Synergism or po-
tentiation results when a rapid rate of desorption of the gas from the
particulate to the tissue occurs; antagonism, when the desorption rate is
very slow or nonexistent, or when chemical combination has occurred.

Radioactivity

Radioactive particles can cause dislocation and breaking of chromo-
somal linkages, apparently from local energy release, commonly referred
to as the “oxygen effect.”

CHEMICAL

Few body reactions progress by purely chemical processes. Among
these few are the production of acids and bases (chlorides, phosphates,
and sodium) and water and the liberation of bicarbonate into the urine.

There are other industrially important types of poisoning which
proceed through mechanisms that do not involve the intervention of
enzyme action but for which the energy may be supplied by chemical
action.

Direct Combination

Among the best known and understood mechanisms of poisoning
is that of direct chemical combination of the toxic substance and a body
constituent, as illustrated by carbon monoxide poisoning. In this in-
stance, the gas combines rapidly and rather firmly with hemoglobin,
forming a new compound, carboxyhemoglobin, which cannot perform
the usual function of hemoglobin, transporting oxygen to the tissues.

Hydrogen sulfide likewise unites with hemoglobin to convert it to
sulfhemoglobin, a nonoxygen carrying pigment, although this mechanism
is not important in hydrogen sulfide poisoning.

Indirect Combination

A less well understood mechanism of injury, but on which there is
nevertheless an enormous amount of indirect evidence, is the release by
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toxic substances of natural body constituents, such as histamine, in ab-
normal amounts that lead to injury and even death. Instances of this
mechanism are numerous and involve the intake into the body of such
common substances as “hay fever” allergens or other biologic allergenic
materials, raw cotton dust and subtilisins, for example. Prominent in-
dustrial chemical allergens are the organic isocyanates which act as hap-
tenes with body proteins to become allergenic.

Intake of these substances results in release of histamine or hista-
minelike substances locally in large amounts with characteristic de-
velopment of inflammation, edema, and other evidences of injury. Cer-
tain types of amines are capable of histamine release; in these instances
the mechanism involved is believed to be one of displacement, whereby
the tissue-bound histamine is displaced and liberated by the unnatural
amine. Similarly, any type of simple cellular damage such as caused by
respiratory irritants, e.g., ozone, results in the liberation of histamine-
like substances.

There is accumulating evidence also that release of hormones from
nerves may be the common mechanism by which a number of chemical
substances exert their toxic action.

Chelation

A toxic mechanism that is increasingly being recognized to be one
of the more common pathways of toxic action is chelation. Chelation is
the term applied to the chemical combination of an organic substance
and a metal whereby the metal is very firmly bound to the organic sub-
stance by both nonionic (organic) and ionic bonding. For example the
therapeutic agent EDTA (ethylene-diamine tetraacetic acid) binds metals
by chelation. Many drugs and antibiotics are now believed to act by
chelation. By so acting, these substances exert their effects in a number
of ways:

1) By removing biologically active metals that are normally bound
in the cell or its components with resulting inactivation and cell damage.
For example, treatment of lead poisoning with EDTA to remove lead
may in addition remove other metals, such as zinc, that are required for
important functions in certain kidney enzymes (e.g., carbonic anhydrase).

2) By reacting with fixed intracellular metals.

3) By chelating firmly with a fixed tissue constituent. This is be-
lieved to be the mechanism by which boron, as borate, exerts its toxic
action. Borate is known to chelate with adjoining carbon atoms con-
taining hydroxy! groups. If the structure prior to chelation happens to
be a critical one in a metabolic chain, ordinary function ceases and in-
jury occurs as a result of the altered chelated structure.

4) By increasing the absorption of a toxic agent. Instances are be-
ing recognized of toxicity resulting from abnormally increased amounts
of absorption into the blood stream by a chelating compound. Iron,
normally nontoxic when absorbed by the usual regulatory mechanism,
may under unusual circumstances be absorbed in toxic amounts by the
mechanism of chelation to form a soluble, easily absorbed-substance.
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TOXIC MECHANISMS

Of the three modes of action of toxic substances in the body-—
physical, chemical, and physiologic—the physiologic mode is most
common.

Enzymes, the biologic catalysts of the body, estimated to total one
million (1000 genes each governing an estimated 1000 enzymes), con-
trol the action of toxic substances. In what follows, an attempt is made
to summarize the multitudinous ways that enzymes are involved in hand-
ling toxic substances following their entry into the body.

The toxicity concept can best and most simply be understood as
the net result of the following two opposing reactions:

Reaction I — The toxic agent acts on the body.
Reaction II — The body acts on the toxic agent.

The net result of these two opposing reactions is the toxicity that is
observed in any animal species. This is diagrammatically represented
by Figure 1. The upward-pointing arrows are indicative of Reaction I;
the downward-pointing arrows, Reaction II; arrows pointing in both
directions are indicative of the known fact that in some instances, the
homeostatic and adaptive Type II instead of providing beneficial reac-
tions and reducing toxicity, actually result in harmful reactions and
hence increased toxicity. In a typical example the “detoxication” of
pyridine by methylation results in methyl pyridinium chloride which is
eight times more acutely toxic than pyridine. See Figure 2.

Many toxic agents (insecticides, carcinogens, and drugs) stimulate
liver enzyme activity, which in turn accelerates destruction of the toxic
agent. Also, the production of immune bodies tends to counteract the
action of a harmful substance (Reaction II) and hence reduces toxicity.

Chelation and combination represent a toxicity-reduction mecha-
nism limited to metals. For example, the body’s methallothionein che-
lates firmly with cadmium (and zinc), removing it to less sensitive sites
and reducing its toxicity. The limiting factor in such toxicity reduction is
the body’s methallothionein reserves and capacity for methallothionein
induction. Combinations of trace elements can be so effective a means of
detoxication as to entirely antagonize the toxicity of highly toxic elements;
€.g., an in vivo combination of mercury with selenium (and sulfur) can
remove all traces of mercury toxicity.

The foregoing reactions result in an observed toxicity that is but a
small fraction of the maximal toxic potential for those substances which
react less than instantaneously. Obviously, Reaction II cannot occur
with those substances that react on contact, e.g., unstable or highly
reactive irritants such as ozone, nitrogen dioxide; or with high concentra-
tions of those substances that immediately overwhelm these body de-
fenses before they have time to come into play, such as high concentra-
tions of the general asphyxiants, hydrogen sulfide, hydrogen cyanide,
and carbon monoxide.
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METABOLISM

Metabolism or biologic transformation of the toxic agent is one of
the prime determinants for toxicity. These bio-transformations can be
classified into three types of destructive transformation (oxidation, re-
duction and hydrolysis), synthetic transformation (conjugation) and
enzyme induction.

OXIDATION

Oxidation is the most common form of bio-transformation reaction
that occurs in response to a toxic substance. It includes the oxidation
of alcohols and aldehydes to corresponding acids, the oxidation of alkyl
groups to alcohols, the oxidation and hydroxylation of carbon ring com-
pounds and ring-splitting, oxidation deamination of amines, oxidation of
sulfur compounds to sulfoxides and sulfones, and dehydrohalogenation,
all of which result in the body’s excretion of highly oxygenated acids or
acidic substances.

Although the intimate mechanism of oxidation is not precisely
known in all instances, two general types are recognized: oxidation by
direct addition of oxygen to the carbon, nitrogen, sulfur, or other bond;
and oxidation by dehydrogenation, In either case, the energy required
for the action is supplied by enzymes, resulting in free-radical reactions
for the most part.

One of the most important examples in which oxidative mechanisms
play a decisive role in the ultimate toxic response is the recently dis-
covered metabolic formation of arene oxides. Arenes is the general term
that applies to all aromatic nuclei including benzene and the poly-
nucleated hydrocarbon carcinogens such as benzpyrene. The oxidation
proceeds by the addition of an oxygen atom to two adjacent carbon
-atoms in the aromatic ring forming the so-called epoxide group. These
epoxides are very unstable and highly reactive, and they, rather than the
parent hydrocarbon, are believed to be the initiators of tumor produc-
tion. In addition to subsequent isomerization to phenols, epoxides
readily react with cellular macromolecules such as DNA, RNA, and
protein, believed to be essential elements in tumorigenesis.

REDUCTION

Reduction of foreign substances is a less common body function
than oxidation. It does occur, however, for those substances whose
oxidation-reduction potential exceeds that of the body, such as nitro
groups, certain aldehydes, certain oxidized forms of metal ions, and in
certain reactions such as hydrogenation of carbon and nitrogen double
bonds and reduction of disulfides to sulfhydryl derivatives.

In this connection, it must be noted that the entire body metabolism
operates on an oxidation-reduction (O-R) system, poised at about the
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potential of Vitamin C, which assumes the obvious fact that for each
oxidation of a natural body constituent, there must be a reduction.
Whether a toxic substance will be reduced depends upon its O-R po-
tential relative to that of the body.

HYDROLYSIS

This reaction, which involves cleaving of a bond with the addition
of water, is another means by which the body metabolizes and degrades
toxic substances. If organic in nature, hydrolysis is performed by en-
zymes; if inorganic, by simple chemical action, as beryllium sulfate hy-
drolyzes to the (colloidal) hydroxide on entering the body.

Typical foreign substances that undergo hydrolysis are esters of all
types; compounds of carbon, nitrogen, sulfur, and phosphorus, resulting
in the formation of component acids and alcohols; amides which are
hydrolyzed less well to the corresponding acid and ammonia; and ethers
which are split by different enzymes, depending upon the nature of the
alkyl group (the rate of splitting of aromatic ethers depends upon the
nature and position of the substituents on the ring). Simple aliphatic
ethers are excreted unchanged mainly via the respiratory tract; however,
more complex ethers such as benadryl are split.

CONJUGATION

Synthetic mechanisms directly involved in the normal metabolic
processes provide major pathways for disposing of toxic substances.
These synthetic pathways involve conjugation of the toxic substance
(any that the body cannot readily oxidize to carbon dioxide and water)
with a limited number of defined body constituents. Figure 2 shows
eight major types of conjugation and examples of the types of substances
involved in each conjugation. These conjugation reactions, performed
enzymatically, involve carbohydrate (glucoside formation), amino acids,
methyl and acetyl groups, and sulfur derived indirectly from sulfur-con-
taining amino acids.

These conjugates have two important properties essential for de-
toxication. They are, in general, considerably less toxic than the parent
substances (with certain exceptions) and they are readily excreted in
the urine. The well-known synthesis of phenylsulfate, which was one of
the earliest synthetic mechanisms to be discovered (1876), converts
highly toxic phenol to a substance which is practically nontoxic. Cyanide,
both inorganic and organic forms, is synthesized to thiocyanate, a struc-.
ture many times less toxic than cyanide., Certain toxic metal ions may
react with sulfur of the body to be excreted as insoluble, and, thus non-
toxic, metal sulfides.

It should be pointed out that these synthetic detoxifying mecha-
nisms are not entirely free of injury to the body. In contributing some
of its constituents, the body may deprive itself of vital amounts of these
substances if synthesis is prolonged, and thus injure itself (Figure 1),
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DETOXICATION AND BIOLOGIC INDICATOR

There are several important benefits to be derived from a knowl-
edge of detoxication mechanisms. Such knowledge offers a biologic
means, through analysis of appropriate body fluids or excreta, for
positively identifying the agent to which the worker was exposed. If the
analysis is performed quantitatively, it permits a reliable estimate of the
degree of exposure. This capability permits, in turn, the development of
biologic threshold limits for the control of worker exposure on an in-
dividual basis, because biologic estimates of exposure take into account
absorption of the industrial substance by all routes, personal work habits,
and hereditary characteristics. Furthermore, biologic analyses help eval-
uate the extent of the worker’s exposure to a new product.

ENZYMES

The ultimate regulators of metabolism are enzymes and their asso-
ciated factors of trace elements, vitamins, hormones, and antimetabolites.
Substances that act chemically to produce injury to organs and tissues of
the body usually do so by two basic means: either by depressing or by
stimulating the activity of the enzyme systems. Severe, acute effects such
as destruction of cell membrane integrity by corrosive agents or protein
coagulants, etc., are obvious exceptions, A single substance may have
more than one pathway and site of action. Multiple pathways of action
may be invoked simply by differing doses of the toxic agent; low doses
may stimulate enzyme action, high doses depress and inhibit the same or
different enzyme systems. This is a characteristic action of most, if not
all, toxic substances, including arsenic, benzene, chloroform, cobalt,
fluoride and vanadium. A number of aspects of toxicity are shown in
Figure 1.

1) Systemic toxicity is, by and large, a matter of the activity of
enzyme systems, cither by inhibition or overstimulation (removal of a
natural inhibitor system), all accomplished at the free-radical level.

2) Substances display differing toxicities and have selective sites of
action because different substances affect, to differing degrees, the various
metabolic compartments and, thus, raise or lower the level of “observed
toxicity.” Different substances have differing chemical affinities for tissue
sites.

3) Potentiation and synergism, the enhanced toxicity of two or more
simultaneously acting substances, can be explained by the action of one
preventing the elimination or the metabolism of the other, wholly or in
part, thus maintaining elevated systemic levels of the toxic agent, re-
sulting in an observed toxicity greater than the addititive toxicity of the
combined components (Figure 1).

4) Antagonistic action is explained by one component preventing,
wholly or in part, the toxic action of another. This occurs when one
component induces or supplies additional amounts of a critical enzyme
system or factor that is being attacked by another component, the net
result being to greatly reduce or even completely eliminate toxicity. A
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similar mechanism appears to explain the antagonism of ethyl alcohol
for methyl alcohol toxicity. In this case the liver alcohol dehydrogenase
preferentially attacks ethyl alcohol, thus slowing down or preventing the
oxidation of methyl alcohol to neurotoxic metabolites (Figure 1).

As mentioned previously, most of the metabolic activity of the
body is a result of the activity of enzymes, which are biologic catalysts
formed by living cells throughout the body. Consequently, it is reason-
able that the bulk of all toxic mechanisms should involve interference in
some way with normal enzyme activity.

All enzymes have a basic protein structure composed of 20 or more
amino acids grouped in various chain arrangements in a three-dimen-
sional structure. To perform the myriad of metabolic reactions of the
body requires an estimated million diverse enzymes. This diversity of
structure and function makes any simple classification inadequate. How-
ever, just as the major types of metabolism and detoxication were classi-
fied (Figure 2), so can the major metabolic reactions catalyzed by en-
zymes be classified.

CLASSES OF ENZYMES

The enzymes that perform oxidation-reduction reactions constitute
one of the larger groups. The oxidases, which reduce the inhaled oxygen
carried throughout the body by hemoglobin and myoglobin, reduce
oxygen directly. One of the most important of these is cytochrome oxi-
dase. Other important oxidases are xanthine oxidasc with riboflavin as
a prosthetic group, the polyphenol oxidases, with copper as prosthetic
group, and tyrosinase responsible for the oxidation of tyrosine to the
dark melanin pigment.

Closely related in action are the dehydrogenases, which catalyze the
removal of hydrogen, and thus “oxidize” organic molecules. As body
oxidations generally (respiration) proceed in this manner, there are sev-
eral highly specific dehydrogenascs. All cellular respiration involves
threc major classes of dehydrogenases: 1) pyridine-linked dehydro-
genases, which require a dinucleotide as coenzyme, 2) flavin-linked de-
hydrogenases, which contain a flavin nucleotide, and 3) the cytochromes,
which contain an iron-porphyrin ring system. More than 150 of the
pyridine-linked dehydrogenases are known. One of these, glucose-6-
phosphate dehydrogenase (G-6-PD), features prominently as the key
system in rendering a worker hypersusceptible to hemolytic industrial
chemicals. A genetic deficiency in G-6-PD can makc a pcrson susceptible
to incurring a hemolytic crisis from exposure to such chemicals by
either blocking the action of certain componcnts of the G-6-PD system
in the red cells or by thc chemical’s utilizing the hydrogen critically
needed for cell respiration, resulting in loss of red cell integrity, and
consequent cell lysis.

Another large and diversely acting group are the hydrolytic en-
zymes, chief among which are the phosphatases, which hydrolyze esters
of phosphoric acid. These enzymes are involved in all catabolic (destruc-
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tive) and anabolic (synthetic) reactions of the cells. Other represen-
tative hydrolytic enzymes are the esterases, such as liver esterases and
pancreatic esterases. Others in this group are those that hydrolyze pro-
tein structures, proteolytic enzymes that break the common peptide bond
of these structures, This group is further comprised of more specialized
enzymes, the peptidases, the carboxy- and aminopeptidases, so named be-
cause of action on peptides with adjacent carboxyl (COOH) or amino
(NH,) groups; those that hydrolyze glycosidic linkages, the carbohy-
drases, which act on polysaccharides and glycosides.

The decarboxylases are a widespread group composed of keto-acid
decarboxylase, which is responsible for the liberation of the end product
of metabolism, carbon dioxide. Amino acid decarboxylases are respon-
sible for the formation of amines by carbon dioxide liberation from
amino acids. In the chain of metabolic end reactions, oxidative deamin-
ating enzymes remove the amino group from these toxic amines, be they
endogenous or of foreign origin, resulting in reduced toxicity, liberation
of the end product, ammonia, and its excretion in the urine. Some of
the ammonia, however, is transferred to other substrates by transferases.
These transferases can ailso transfer other groups such as methyl, phos-
phate, and amino groups.

The above classes of enzymes, with other enzymes not classified,
represent all the metabolic catalysts the body can muster to handle for-
eign chemical structures. As these structures may vary from closely
similar to remotely related to the natural substrates of these enzymes, it
is not difficult to see that destruction of a foreign toxic substance can
range from nearly complete to scarcely perceptible.

ENZYMATIC ACTION

Enzymatic actions occur throughout the body without restriction to
any particular organ site, although the liver cells perform a major pro-
portion of the metabolic activity of the body. Similarly active, however,
but less diversified, are the enzymes in the lung, kidney, intestine, brain
and nervous tissue, and bone. From this, it may be inferred that en-
zymatic mechanisms may occur with the enzyme situated at cell surfaces
or within the cell itself. Although the activity of enzymes, in normal
circumstances, occurs within or on cells which are inaccessible for meas-
urement (except as biopsied tissue), toxic injury to cells may result in
enzyme release in proportion to the injury into the blood and body fluids
where they can be meusured and serve as biologic indicators of exposure
and/or response.

In “metabolizing” a foreign substance, it is important to observe
that the enzyme is merely performing a function that it normally per-
forms in metabolizing natural foodstuffs; no special enzymes exist to
metabolize toxic substances. Although “drug-metabolizing” enzymes are
commonly mentioned, this does not mean that the body develops a new
class of enzymes in response to the administration of a drug; drugs may,
however, act to induce larger amounts of enzyme activity.
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ENZYME CHARACTERISTICS

It is now recognized that certain enzymes, heretofore considered
homogenous in composition and in action, may consist of several distinct
components, each still acting, however, on the same substrate; these
components are called isoenzymes, or isozymes. Isozyme components
can differ in number and activity, depending on the tissue of origin, e.g.,
lactic acid dehydrogenase has as many as five different isozymes, depend-
ing upon whether originating from the heart, kidney, liver, or lung.

Many enzymes have additional specificity requirements, in that they
require a metal or a vitamin, or both, as cofactor(s) or activator(s).
For example, the enzyme cocarboxylase that splits carbon dioxide from
certain organic acids, requires vitamin B, and magnesium ions as nec-
essary constituents before it can function.

Because enzymes are proteins, they exhibit the physical and chemi-
cal properties of proteins. They undergo denaturation 1) by heat, as in
burns; 2) by marked changes in acidity or alkalinity as effected, for
example, by contact with corrosive agents; or 3) by chemical denaturing
agents, such as urea in high concentrations. These agents alike cause
structural and configurational changes in the protein, and the character-
istic specificity is lost, and with it the catalytic activity of the enzyme.

Enzyme activity can be inhibited in a number of ways. For example,
among the enzymes requiring a specific metal as activator, any agent
that will displace or render inactive the metal will render the enzyme
inactive to the degree that the metal was rendered inert or removed from
the enzyme. Certain metals with similar spatial requirements for the
specific metal required by the enzyme may do this. Certain poisonous
metals such as beryllium are believed to act in this way. Cyanide may
combine with the iron of an iron-dependent enzyme and inactivate or
inhibit the enzyme.

Another common way an enzyme may become inhibited is from
competition with a substance whose structure is sufficiently similar to
the natural substrate, but does not quite fulfill the spatial requirements
of the enzyme. This is probably the most common way in which toxic
substances exert their effect on enzymes. Common examples are the
competitive inhibitive actions of the various closely related organophos-
phate pesticides.

A third way by which enzyme activity is inhibited is by accumula-
tion of the product of the enzyme’s activity. This is one of the natural
ways by which body enzyme activity is regulated and is known as metab-
olite inhibition.

The fundamental aspects of enzyme activity with respect to toxicity
may be summarized as follows. Enzymes combine with the toxic sub-
stance. This combination may result in partial or complete inhibition of
enzyme activity or the enzyme may act on the toxic substance more or
less incompletely, possibly with the production of even more toxic sub-
stances, but generally with production of degraded, less toxic substances.
If the enzyme whose activity is blocked is a critical one, there may be



M OCCUPATIONAL DISEASES

slowing down of some vital function, resulting in alteration of cellular
constituents in amount or type, even in cell death.

DIRECT COMBINATION

The simplest way by which a toxic substance can alter enzyme ac-
tion is by direct combination of the substance with active groups on the
enzyme structure. Such is believed to occur with metals such as mercury
and arsenic which combine so tightly with the active group of the en-
zyme that further action is blocked. If the enzyme or enzymes repre-
sent critical systems for which there is no shunt mechanism, then cells
may die or function subnormally resulting ultimately in injury to the cell,
the organ, and the host. Similarly, nonmetallic substances such as cy-
anide can combine with and block the action of heavy metalbearing en-
zymes because of the production of an inactive metal-cyanide enzyme.
The blocking of this enzyme system to a significant degree results in the
well-known fatal cyanide poisoning.

Another mechanism of poisoning by direct combination is illustrated
by substances such as ozone and nitrogen dioxide, and possibly iodine
and fluorine, that destroy enzymes by oxidation of their functioning
groups (Figure 3). In these cases, specific chemical groups such as -SH
and -S8- on the enzyme are belicved to be converted by oxidation to
nonfunctioning groups; or the oxidants may break chemical bonds in
the enzyme leading to denaturation and inactivation.

One of the more commonly encountered enzyme inhibition mech-
anisms of direct combination in occupational exposures is that of the
inhibition of the action of cholinesterase (acetylcholine esterase), an
enzyme that regulates nerve-muscle action by destroying the muscle ex-
citor acetylcholine. This muscle excitor is a powerful pharmacologic
substance, which, if not destroyed when it is free, can act as a poison.
The destruction is accomplished by the hydrolysis of the potential poison
into its components, an acetyl group and choline. A large number of
pesticides, chiefly organic phosphates and carbamates, act in the body
by blocking this enzyme action, thus allowing excessive amounts of the
muscle stimulator to accumulate. The excessive stimulation results in
paralysis of the host.

COMPETITIVE INHIBITION

A second, and one of the more usual toxic mechanisms involving
enzymes, is that of competition of the toxic substance with normal metab-
olites, or the cofactor(s) essential for enzyme action, for the site of ac-
tion on the enzyme. This form of competition is highly effective, and
thus injurious, only when the chemical structure of the competing toxic
substance resembles that of the constituent normally used by the enzyme;
the closer the structural similarity, the more effective the competition.

The successful competition of an unnatural or foreign toxic sub-
stance for the enzyme sites of action blocks normal action by not per-
mitting cither significant amounts of normal substances to be metabolized,
or by preventing combination of a cofactor necessary for enzyme action.
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The cofactor can be a metal or a highly complex specific organic sub-
stance such as a vitamin.

Competitive inhibition, first shown to be the action of sulfanilamide
by reason of its close similarity to the B vitamin, para-aminobenzoic
acid, has been demonstrated to function similarly in many other drug
actions; it is also the basis of the mechanism of action of a number of
anticancer drugs, many of which are appreciably toxic, for example, the
fluoropyrimidines. _

Toxic mechanisms may operate also by metal-to-metal competi-
tion. For example it is believed that the poisonous action of beryllium
results from its capacity to compete effectively for the sites of combina-
tion of magnesium and manganese on critical body enzymes, by which
action the enzyme is no longer able to function at its normal rate or may
be inactivated completely. This competitive inhibition of foreign metals
is a very general way by which metals exert their toxic action.

A highly interesting example of a competitive mechanism is that
recently found to explain the increased toxicity sustained following simul-
taneous exposure to two structurally similar economic poisons, mala-
thion and EPN. EPN is highly toxic while malathion has a far lower
order of toxicity. When the two substances are present in the body to-
gether in sufficient quantity, however, EPN prevents the elimination of
malathion, maintaining its concentration, and raising its toxicity, so that
the summated toxicities of both are far beyond expectation.

Inasmuch as both substances have chemically similar structures,
EPN effectively competes for the same enzyme that hydrolyzes and thus
would otherwise reduce the toxicity of malathion. By inhibiting this
enzyme action, the concentration of the toxic form of malathion is main-
tained at a high level in the body, and consequently the toxicity is en-
hanced.

This is not an isolated instance of such a competitive mechanism.
A number of other combinations of economic poisons are believed to
produce enhanced toxicities by similar mechanisms, for example, the
combinations malathion and Dipterex , and Guthion and Dipterex .

LETHAL SYNTHESIS

Another means by which enzymes are involved in toxic mechanisms
concerns the synthesis of a new toxic product by enzyme action on the
toxic substance originally taken into the body. The newly synthesized
product then exerts its toxic effect by interfering with normal metabolic
processes.

A striking example of a substance involved in this type of mecha-
nism is the rat poison 1080, sodium fluoroacetate. After it is absorbed
into the body, an enzyme transfers the fluorine atom in fluoroacetate so
as to form fluorocitrate from citric acid, an important intermediate in
the cycle of terminal metabolism. This fluorocitrate is unable to func-
tion to a significant degree in this important metabolic cycle and breaks
the metabolic chain of activity, with the result that tissue respiration
ceases, and death ensues.
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TOXIC ENZYMES

A rather unusual type of toxic mechanism results when the toxic
substance itself is an enzyme. Toxic enzymes are associated with the
introduction into the body of substances such as snake and bee venoms
and bacterial toxins. Although these substances exhibit a variety of
toxic manifestations, the mechanisms of some of which are as yet un-
known, the venoms of bees and certain snakes possess enzymes (phos-
phatidases) that lyse red blood cells, destroying the oxygen-carrying
power of the blood, as well as enzymes (proteolytic) that destroy cells
and inhibit blood coagulation. In addition, bee venom contains a sub-
stance that inhibits the dehydrogenases, enzymes important in the metab-
olism of many body functions.

INDUCIBLE ENZYMES

Thus far all of the mechanisms discussed have been depressant in
action, but the response to toxic substances may under certain conditions
stimulate metabolic activity. Inducible (adaptive) enzymes are those
enzymes which permit the physiologic synthesis of additional amounts of
the enzyme in response to the presence of an inducing agent. In this
instance, the inducing agent may also be toxic.

Because inducible enzymes are difficult to demonstrate in the mam-
malian host (although a number have been so demonstrated in bacteria
and yeasts), only few instances of industrial health interest are presently
known in detail. High sucrose dicts fortified with vitamins fed for 3
weeks to rats stimulate the enzymatic production of additional amounts
of protein sulfhydryl groups in the kidney, which enables the rats to
withstand otherwise lethal doses of mercury. The newly-formed sulfhy-
dryl binds the mercury firmly, thus effectively reducing its toxic poten-
tial. High sucrose diets similarly protect against ozone lethality.

A mechanism exemplifying stimulation, probably mediated through
inducible enzymes, is the increased production of serum alpha globulins
by cobalt when absorbed into the body at relatively low levels of intake.
At slightly higher levels of intake, cobalt stimulates the production of
increased amounts of red blood cells (polycythemia production); asso-
ciated with the polycythemia is increased production of hemoglobin. The
exact mechanism of this stimulation is not known, but a hormone,
erythropoietin, whose production is stimulated by cobalt, is believed in-
volved. It appears also that the action of erythropoietin is not entirely
restricted to stimulating bone marrow to increased production of red
cells, but may include stimulation of other centers as well.

SECONDARY ENZYMATIC MECHANISMS

In this category are grouped those pathways of metabolism and
mechanisms of injury that are not effected by the direct action of the
toxic substance but develop either 1) as a result of metabolic alteration
of the toxic substance following its entrance into the body or 2) as a
consequence of an accumulation of toxic by-products from the initial,
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direct action of the toxic substance. In the second instance, further in-
jury occurs at a site in the body different from that of the original toxic
action. Most, if not all, of the mechanisms considered here are per-
formed by enzymes.

The body does not always act to its own advantage when handling
a foreign, and sometimes toxic, substance. These peculiarly disadvan-
tageous reactions result, however, merely because the body is equipped
with certain definitive pathways of metabolism derived from the bio-
chemical processes concerned with the utilization of food components or
other environmental substances. These are its only resources when con-
fronted with nonfood substances, and accordingly, these mechanisms are
used insofar as they can act on foreign substances bearing chemical
structures similar in some respects to food substances or other natural
environmental materials. Whether this indiscriminate action by the
body’s enzymes results in an outcome favorable or unfavorable to the
body depends only on the nature of the resultant modified foreign sub-
stance and not on any selective or guided action of enzymes.

METABOLISM

Mechanisms grouped here comprise all those metabolic activities
that the body performs on a toxic substance in contradistinction to the
actions that the toxic substance performs on the body. Broadly, the so-
called “detoxication” mechanisms are those performed by the body,
whether as a primary or secondary mechanism, in the process of at-
tempting to eliminate the toxic substance, namely, oxidation, reduction,
and synthesis. A few examples of each of these as a secondary mecha-
nism will be given for well-known industrial substances of a toxic nature.

Oxidation

An example in which secondary oxidative mechanisms are believed
to play a dominant role in the toxicity of an alcohol is that of methyl
alcohol. Oxidation to formaldehyde, which subsequently interferes with
oxidative enzyme synthesis, is believed to be the pathway by which
methyl alcohol exerts its injurious effect on the optic nerve leading to
blindness. Ethyl alcohol, and presumably other alcohols, proceed
through this metabolic pathway of oxidation to the corresponding alde-
hyde, which is responsible, in part at least, for the toxic effects.

In this connection, it should be recognized that by no means do
all metabolic alterations in the structure of toxic organic substances result
in toxic by-products. A sizeable number of the metabolic products are
detoxified in the process.

A striking example of the role of oxidative mechanisms in develop-
ing toxicity of organic substances is seen in the organic thiophosphate
insecticides such as parathion. These substances, containing sulfur in
the molecule, are relatively nontoxic until oxygen replaces the sulfur
forming the “oxones” which are extremely toxic, completely inhibiting
an important enzyme of nerve function, cholinesterase.

An example of oxidation among inorganic toxic substances is that
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of uranium. The tetravalent form is unstable to the body’s oxidation-re-
duction potential, and is oxidized to the more toxic hexavalent form.
The hexavalent form then combines with active sites (phosphate groups)
on the surface of cells, blocking normal metabolic processes necessary
for cell survival.

Much, if not all, of the toxicity of the long-recognized poisoning
action of aniline arises not from aniline itself, but from its various oxida-
tion products formed in the body. The more important of these are
para-aminophenol and, by further oxidation, the quinoneimine which is
believed responsible for the methemoglobinemia that develops when
aniline, or other aromatic amines, are absorbed into the body. The oxi-
dized product of aniline oxidizes the ferrous iron of hemoglobin to the
ferric form, resulting in methemoglobin, which is incapable of releasing
oxygen.

Reduction

Although reduction is far less common a body function than oxida-
tion, nevertheless several types of foreign organic substances are metab-
olized by this pathway to produce one or more substances that are more
injurious than the parent substance. Among certain of the inorganic
metal ions, reduction is also the pathway of metabolism. Organic nitro-
groups are reduced by stages to amines. Some aldehydes are reduced to
alcohols,

Unsaturated double bonds of carbon compounds may add hydrogen
and thus become reduced. These types are not an exhaustive listing.

In general, however, reduction, contrary to oxidation, tends to re-
sult in products that are less toxic than the original substances, for
example, reduction of aldehydes to alcohols, and are thus of lesser in-
terest here. On the other hand, metabolism of nitrobenzene results in
a number of products, one of which, para-aminophenol, is from 50-80
times more acutely toxic than the parent nitrobenzene.

Among inorganic ions, pentavalent arsenic is relatively inactive in
the body until reduced to the trivalent state. The physiologically active
form of manganese is trivalent, If manganese is taken into thc body in
the form of pyrolusite in which the manganese is tetravalent, reduction
to the active form must occur, at least to that portion which is absorbed
into the blood stream and later incorporated into active tissue com-
ponents.

Synthesis

Synthesis is one of the more common means whereby the body con-
tributes some tissue constituents in the conversion of the foreign sub-
stance to a new product, thereby disposing of the toxic agent. There
are more than a dozen known synthetic mechanisms to accomplish this.

It should be pointed out, as noted previously, that these synthetic
detoxifying mechanisms are not entirely free of injury to the body. In
contributing some of its constituents, the body may deprive itself of vital
amounts of these substances if synthesis is prolonged, and thus injure
itself.
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SECONDARY ORGAN INVOLVEMENT

A secondary mechanism of very general nature, and of considerable
toxicologic importance, involves the indirect action of either the toxic
agent or its metabolic by-products, or both. Once having injured a pri-
mary site, the substance may cause either the production or accumula-
tion of deleterious products that in turn affect a secondary site.

A striking example of this secondary mechanism is the action of
hexavalent uranium, which first injures the kidney in such a way as to
prevent normal elimination of waste products such as urea, ammonia,
and other substances. These products accumulate in the blood stream
and injure the liver, resulting in fatty degeneration of this organ.

Similar indirect injury occurs when the lung, through direct injury
by some toxic substance, restricts blood flow thus placing undue stress
on the heart (cor pulmonale).

There are numerous other examples; in fact, the function of the
body is so organized that there are few alterations of significant mag-
nitude in an organ or tissue sitc that do not have repercussions in some
other organ even at a remote site. The interlocking activities of the en-
docrine glands, with their respective hormones and their dependence on
vitamins and minerals for normal function, is the basis for this entire
group of secondary mechanisms.

An interesting example of the involvement of these highly sensitive
interlocking endocrine systems is the simplc inhalation of nonlethal con-
centrations of ozone, which produces alterations in the activities of the
adrenal glands and disturbs the normal uptake of iodine by the thyroid
gland, which in turn alters the activity of the thyroid-stimulating hor-
mone of the pituitary body.

IMMUNE MECHANISMS

A mechanism whose toxic significance remains to be fully evalu-
ated, but which nevertheless has becen recognized for many years, is the
stimulation of immune mechanisms as a result of the production of a
new antigenic structure from the combination of a toxic substance with
body constituents, usually protein. This mechanism is thought to be the
basis of skin sensitivity resulting from contact with certain reactive or-
ganic substances, for example, the chloronitrobenzenes.

Another substance that illustrates this mechanism strikingly is tolu-
lene diisocyanate and related aromatic isocyanates. These substances,
upon inhalation, have unusual avidity for combining with body protein
with resultant allergic sensitization of the respiratory tract.

ENZYMOLOGY AND ITS USES

As the practice of industrial hygiene and occupational medicine are
increasingly involved in the control of worker exposure and prevention
of industrial disease, knowledge of how enzymatic mechanisms are in-
volved in the toxic response becomes of increasing importance. Meas-
urement of enzyme activity and identification of metabolic products have
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been refined so that the clinical toxicologist can use these measurements
as an aid in diagnosis of toxic injury and can identify early indicators
of response, from the quantitative determination of which, biologic
threshold limits can be developed.

These measurements fall into two broad categories: 1) those that
measure exposure, as arsenic, fluorides, lead, mercury, and benzene, in
blood, urine, hair, or breath; 2) those that measure response from ex-
posure, as changes in amounts of a natural body constituent, a body
metabolite, or changes in enzyme activity.

Some common examples of measurement of exposure: urinary ar-
senic, fluoride, lead, phenylsulfate from benzene exposure, dichlorodi-
phenylacetic acid (DDA) from dichlorodiphenyltrichloroethane (DDT).
Among the better known measures of response are the measurement of
inhibition of, activity of plasma cholinesterase for effects from exposure
to organic phosphate and carbamate insecticides, changes in urinary
delta amino levulinic acid or its enzyme in the red blood cell as responses
to overexposure to lcad,

Measurement of changes in biochemical constituents as a result of
exposure to toxic amounts of substances can be extended to many other
industrial substances to which the worker may be significantly exposed,
provided they are metabolized by the body. The following are excep-
tions: 1) Those substances which are constituents common to the body
or which convert to same, c¢.g., sulfur dioxide, chloride, phosphate, or
which create no alteration in body composition or function; 2) fast-
acting substances such as (skin) irritants that decompose upon contact
with body surfaces such as nitrogen dioxide, bis(chioromethyl) ether; 3)
substances with predominantly sensitizing properties.

About 2,000 mctabolites of substances of industrial interest are
now recognized. Accordingly, to use them as biologic indicators, it is
nccessary to select the appropriate metabolite from this number, and to
develop procedures.for its quantitative detcrmination, or in the case of
a new substance without known metabolites, determine the readily meas-
urable metabolite(s) and apply the procedure to the exposure situation.
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SECTION 11l



.. .thal he may be able to look after his workmen, that they do
not meet with those diseases to which they are more liable than
workmen in other occupations, or if they do meet with them, that
he himself may be able to heal them or may see that the doctors
do so.

—wAgricola
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BIOLOGICAL HAZARDS
Tracy E. Barber, M.D., and E. Lee Husting, Ph.D.

Biological hazards include acute and chronic infections, parasitism,
and toxic and allergic reactions to plant and animal agents. Infections
may be caused by bacteria, viruses, rickettsia, chlamydia, or fungi. Para-
sitism may involve protozoa, helminths, or arthropods. Many of the oc-
cupational discases are zoonoses and, consequently, agricultural or other
workers associated with animals may be at risk. Some of the infectious
or parasitic diseases are transmitted by parasitic arthropod species which
act as an intermediate host or vector.

A spectrum of plants and animals produce irritating, toxic, or aller-
genic substances. Dusts may contain many kinds of allergenic materials,
including insect scale, hairs, and fecal dust, sawdusts, plant pollens, and
fungal spores.

Biological hazards which will not be discussed in detail include bites
or attacks by domestic and wild animals. Divers occasionally encounter
sharks or other dangerous fish, sea snakes, or other venomous sea ani-
mals. In some areas, risk of occupational exposure to bites from ven-
omous snakes or insects is considerable.

Outdoor occupations that deal with plants or animals or their prod-
ucts, or with food and food processing are more likely to expose the
worker to biological hazards. Laboratory and hospital personnel may
also be exposed to biological hazards. Travel and work in new environ-
ments by previously unexposed and susceptible groups or individuals
increase the risk of contracting endemic diseases.
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VIRAL DISEASES

Viral diseases likely to be encountered occupationally include ani-
mal respiratory viruses, poxviruses, enteroviruses, and arboviruses. In-
fections may be acquired from the vector or from the handling of ani-
mals or animal products in agriculture. Laboratory-acquired infections
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may result from working with the agent, from accidents, from animals,
from clinical or autopsy specimens, from aerosols, or from glassware.
Viral transmission may occur among patients and staff of hospitals.

RABIES

POTENTIAL OCCUPATIONAL EXPOSURES

At special risk to this viral disecase are veterinarians, wild animal
handlers, and cave explorers; but the risk remains for farmers, ranchers,
trappers, and those individuals who are involved with dogs and cats of
unknown origin and for delivery personnel.

SYNONYMS
Hydrophobia

ROUTE OF ENTRY

This disease is transmitted to man by bites of rabid domestic or
wild animals (1). In the U.S.A,, the principal reservoir which presents a
threat to man consists of four wild species: the skunk, the fox, the bat,
and raccoon.

HARMFUL EFFECTS

Local—

None except secondary infection at the site of the bite wound.
Systemic—

This viral disease is an almost invariably fatal acute encephalitis.
Characteristic prodromal signs and symptoms include headache, anorexia,
nausca, and fever. Exaggerated sympathetic responses, drooling, and
hydrophobia are typical in the later sensory stages. Death usually occurs
following convulsions of the excitement phase, but occasionally occurs in
a comatose paralytic stage.

PREVENTIVE MEASURES

Rabies is caused by a virus of the rhabdovirus group and requires
an incubation period usually from a few weeks to several months, but
occasionally up to one year. Prevention of the disease is accomplished
by avoidance of animal bites and caves containing infected bats; vac-
cination of domestic pets and farm animals; post-exposure immuniza-
tion; and, in certain high-risk individuals, pre-exposure immunization as
appropriate (2,3,4).
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CAT-SCRATCH DISEASE

POTENTIAL OCCUPATIONAL EXPOSURES

Presumably this disease is a viral infection, but it has been suggested
that the causative agent may be of the chlamydia type. Principal oc-
cupations at risk are workers in animal laboratories, cat and dog hand-
lers, and veterinarians (1).

SYNONYMS

Cat-scratch fever, non-bacterial regional lymphadenitis, benign in-
oculation lymphoreticulosis.

ROUTE OF ENTRY

The route of entry is a break in the skin from a cat scratch or from
sharp objects such as thorns or splinters.

HARMFUL EFFECTS

Local—

Papule or pustule at the primary site of inoculation and occasionally
a transient macular or vesicular rash constitute the primary local effects.
Systemic—

Regional lymphadenitis, which occasionally suppurates, develops up
to three weeks following inoculation. Other symptoms, headache, ma-
laise, and fever, are typically mild. The disease itself is self-limiting and
without sequelae, but can be confused with granulomatous or neoplastic
disease. Diagnosis can be established by skin-testing and/or biopsy to
rule out tumor.

PREVENTIVE MEASURES

Proper and immediate attention to scratches is a prerequisite to
prevention.

REFERENCE
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ORF

POTENTIAL OCCUPATIONAL EXPOSURES
At high risk to this disease are shepherds, stockyard workers, shear-
ers and veterinarians who come in contact with sheep and goats (1).

SYNONYMS
Ecthyma infectiosum, ecthyma contagiosum.

ROUTE OF ENTRY

Virus enters through small breaks in the skin usually on the hand
or exposed parts of the body. The pustular lesion develops at the site
of entry. Reservoir is sheep and goats.
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HARMFUL EFFECTS

Local—

Apart from the pustular lesion at site of entry, there are no local
effects.

Systemic— ‘
The systemic effects of the disease are very mild, and usually consist
of a mild fever and mild regional lymphangitis and lymphadenitis. The

disease is self-limiting in man. Healing is spontaneous, but may take up
to six weeks.

PREVENTIVE MEASURES

The virus is passed to the lamb during lambing season and causes
“black lip” with lesions around the mouth, lip, and cornea of the ani-
mal. The virus can be contracted directly from the lesions of the nursing
lamb or from wool. Control of the disease is dependent on pasture-con-
trol measures, since the virus may remain there in the form of dried
crusts of lesions. Hygienic precautions should be observed by those who

work with sheep.
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MILKER’S NODULES

POTENTIAL OCCUPATIONAL EXPOSURES

Milk producers, dairy farmers, veterinarians, and cattle breeders
who are involved in direct handling of the infected teat of cows with
mastitis are at the greatest potential risk (1).

SYNONYMS
Milker’s nodes, pseudocowpox, paravaccinia.

ROUTE OF ENTRY

An animal pox virus related morphologically to the virus of contag-
ious ecthyma and bovine papular stomatis enters through a break in the
skin of the hands.

HARMFUL EFFECTS
Local—

Single or multiple nodules, usually on hands, occasionally on face
or neck. Regional lymph nodes may be enlarged.
Systemic—

The disease is usually confined to the hands, but there may be mild
systemic symptoms such as headache, malaise, and fever.
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PREVENTIVE MEASURES

Prevention consists of proper management of mastitis in cows and
hygienic measures by workers who are involved with these animals. Use
of gloves, soap and water wash, and disinfectants is indicated.
REFERENCE
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NEWCASTLE DISEASE

POTENTIAL OCCUPATIONAL EXPOSURES

Exposure is limited to poultry handlers, veterinarians, and virol-
ogists since Newcastle disease is an infectious disease usually confined
to birds, produced by Myxovirus multiforme, a paramyxovirus.
SYNONYMS

Avian pneumoencephalitis.

ROUTE OF ENTRY
Route of entry is via the upper respiratory tract,

HARMFUL EFFECTS
Local—
Lacrimation, conjunctivitis and edema of the eyelids.
Systemic—
Mild headache, fever, and respiratory involvement occasionally oc-

cur. The disease is self-limited. Diagnosis can be confirmed by isolation
of the virus in embryonated eggs.

PREVENTIVE MEASURES

Prevention consists of proper care and handling of the infected
birds.

VIRAL HEPATITIS

POTENTIAL OCCUPATIONAL EXPOSURES

Two forms of this disease are recognized, serum and infectious
(1-4). Those with primary risk to serum hepatitis are health workers
where it becomes an occupational disease. The frequency of hepatitis
among oral surgeons appears to be quite high.

SYNONYMS

1) Viral hepatitis type A, epidemic hepatitis, catarrhal jaundice,
infectious jaundice. 2) Viral hepatitis type B, serum hepatitis, homo-
logous serum jaundice.
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ROUTE OF ENTRY

Serum hepatitis is primarily limited to parenteral transmission, and
infectious, to fecal-oral transmission. Parenteral transmission of infec-
tious hepatitis can occur, but is rare.

HARMFUL EFFECTS

Local—
None.

Systemic—

Incubation period is from two to six weeks for infectious, seven to
23 weeks for serum hepatitis, followed by jaundice of varying degrees,
anorexia, fever, liver enlargement and tenderness, and generalized de-
bilitation. Clinically serum hepatitis and infectious are almost indis-
tinguishable. Diagnosis is established in the laboratory.

PREVENTIVE MEASURES

Prevention of occupational viral hepatitis depends on group and
personal measures (isolation of excreta, etc.), sterilization of instruments,
the use of disposable instruments (especially needles and syringes), and
an awareness of the hazards of transmission, both oral and parenteral,
by workers in pediatric wards, hemodialysis units, and the laboratory.
Prophylactic use of immune serum globulin will protect against clinical
hepatitis in workers who have had accidental contact with positive blood
or excreta, if given in the incubation period. Immune serum globulin
will also give transient protection to those with potential exposure.
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RICKETTSIAL AND CHLAMYDIAL DISEASES

Rickettsiae formerly classified as viruses, but now considered to be
small, true bacteria, multiply in arthropods which are the reservoir and
which transmit these organisms to man. Except for Q fever, rickettsial
diseases are typified by a characteristic rash and fever. Of occupational
interest are Rocky Mountain spotted fever and Q fever.

Chlamydiae, once classified as viruses, and now regarded as bac-
teria, cause ornithosis (psittacosis) which is of occupational significance.

ROCKY MOUNTAIN SPOTTED FEVER

POTENTIAL OCCUPATIONAL EXPOSURES
Occupations at high risk are foresters, rangers, ranchers, farmers,
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trappers, hunters, construction workers, resort operators and lumber
jacks when they work in areas where ticks are present, and laboratory
workers 1,2,3).

SYNONYMS
New world spotted fever, tick fever, and tickborne typhus fever.

ROUTE OF ENTRY

The reservoir of the causative Rickettsia rickettsii is the tick.
The disease is transmitted to man by the bite of the infected tick, and
by contamination of skin with tick tissue juices or feces. The disease is
widespread in the United States,

HARMFUL EFFECTS

Local—
None other than local inflammation and pruritus from the bite.

Systemic—

This disease is characterized by a sudden onset, with persistent
fever, headache, chills, myalgia, and conjunctival injection. A maculo-
papular rash on the extremities occurs about the third day and spreads
rapidly to most of the body. Hemorrhages and petechiae are common.
Fatality is about 20% in untreated cases; death is uncommon in cases
treated promptly.

PREVENTIVE MEASURES

Prevention of the disease is accomplished by avoidance of the tick
infested areas and early recognition and careful removal of the tick be-
fore attachment is accomplished. Use of repellants is helpful. Measures
to reduce tick populations have generally proven impractical. Vaccina-
tion is generally limited to persons frequenting highly endemic areas and
laboratory workers.
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Q FEVER

POTENTIAL OCCUPATIONAL EXPOSURES

At highest risk to this disease are dairy farmers, ranchers, stock-
yard workers, slaughterhouse workers, hide and wool handlers, labora-
tory workers, and rendering plant workers (1).
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SYNONYMS
Australian Q fever, Query fever.

ROUTE OF ENTRY

The reservoir for this rickettsial disease is the tick, wild animals,
and domestic cattle, sheep, and goats where it causes no apparent dis-
ease. The rickettsiae (Coxiella burnetti) are shed by the infected ani-
mals in placental tissues and birth fluids. Rickettsiae exist in and around
lambing pens and pastures in dried tissues for months. Man is inoculated
by inhalation of contaminated dusts from these areas as well as from
areas where infected animals are processed. The disease may also be
transmitted by contact with the infected animals and contaminated ma-
terials such as soiled laundry of infected persons. The milk of infected
cattle is also suspect in the transmission of the disease.

HARMFUL EFFECTS

Local—
None

Systemic—

The disease is flu-like in nature. Pneumonitis develops in most
cases. Typical clinical manifestations of headache and fever develop
after an incubation period lasting from 14 to 29 days. Anorexia and
respiratory symptoms are delayed and occur usually on the fifth day
after onset. Fatalities are rare, and chronic endocarditis is an infrequent
complication. A protracted form of Q fever (without headache and res-
piratory symptoms) may also occur.

PREVENTIVE MEASURES

Prevention is dependent on avoidance of aerosolized products of
conception from ruminant animals, vaccination of individuals at high
risk, pasteurization of milk, and regulation of movement of infected ani-
mals. Outbreaks are generally of short duration, and the disease in man
is controlled by antibiotic therapy.

REFERENCE
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ORNITHOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

Those individuals at high risk are pet shop owners, taxidermists, zoo
attendants, and persons associated with the raising and processing of
poultry. Laboratory and hospital personnel may also be occupationally
exposed (1, 2).

SYNONYMS
Psittacosis and parrot fever.
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ROUTE OF ENTRY

The infecting organism Chlamydia psittaci is present in the nasal
discharge, droppings, tissues, and feathers of infected birds. Primarily,
pigeons, lovebirds, parrots,and domestic fowl serve as a reservoir for the
disease. Ornithosis may be contracted by man by inhalation of the dried
discharges and droppings of the birds. Occasionally, transmission from
human to human has been reported among health care personnel.

HARMFUL EFFECTS

Local—
None.

Systemic—

Following a 7— to 14 ~day incubation period, infection becomes
apparent. Victims most often complain of headache and soon become
febrile with a characteristically relatively slow pulse. Other symptoms
include lethargy, insomnia, photophobia, nausea, vomiting, and diarrhea.
Signs often include proteinuria, abnormal white blood cell count, and
enlarged, nontender liver. Commonly, symptoms and chest X-rays indi-
cate pneumonitis. In severe cases myalgia with stiffness and spasms,
delirium and stupor, and rarely icterus develop. Diagnosis may be con-
firmed by a rising titer of complement-fixing antibodies in the blood.
Isolation of the causative agent in the serum or sputum is also indicative.
Isolation from bronchial secretion may continue for several months or
years following an acute episode. Relapse is common.

PREVENTIVE MEASURES

Importation regulations and traffic control of imported birds are im-
portant preventive measures.
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BACTERIAL DISEASES

Most frequently seen bacterial infections of an occupational nature
are caused by neglected minor wounds, abrasions, and excoriated der-
matitis where the integrity of the skin surface is broken. These infec-
tions are frequently caused by mixed bacterial infections, but chief among
the offending organisms are staphylococci and streptococci. Most of
these infections can be avoided by encouraging good personal hygiene
habits, and the early reporting and proper care of the minor skin breaks,
especially on the hand, forearm, and around the finger nails.
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TETANUS

POTENTIAL OCCUPATIONAL EXPOSURES

Those individuals whose occupations include the hazard of trau-
matic injury, usually of a penetrating or crush type wound, are at highest
risk; farmers and ranchers who work around domestic animals and soil
are also at risk (1).

SYNONYMS
Lockjaw.

ROUTE OF ENTRY

The route of entry is generally through breaks in the skin from
penetrating or crush wounds.

HARMFUL EFFECTS

Local—
None, other than the wound at entry.

Systemic—

This is an acute disease caused by the toxins produced in the body
by the Clostridium tetanii. The disease is characterized by tonic spasms
primarily of the masseter and neck muscles and secondarily of the mus-
cles of the back. These spasms are extremely painful. When untreated,
tetanus has a mortality rate greater than 70% in adults.

PREVENTIVE MEASURES

In the past, massive active immunization programs for the general
public have been conducted. This is the best method of prevention of
the disease. Once the wound has occurred and no prior immunization
has taken place, human immune globulin or antitoxin (equine or bovine),
administered soon after the injury, may be of use as a preventive meas-
ure. Human immune globulin is the preferrcd treatment as it obviates
the risk of serum reaction so often cncountered with the antitoxin.

REFERENCE
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ANTHRAX

POTENTIAL OCCUPATIONAL EXPOSURES

In the United States this disease is almost exclusively limited to
agricultural workers and occupations handling imported goat hair, wool
and hides (1).

SYNONYMS

Wool sorters disease, rag sorters disease, malignant pustule, milz-
brand, and charbon.
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ROUTE OF ENTRY

The anthrax bacillus originally gains entry through small breaks in
the skin. Approximately three percent of the cases in the United States
are pulmonary through inhaled spores (2-3).

HARMFUL EFFECTS

Local—

At the site of entry vesicles develop initially and progress to a de-
pressed black eschar, at times surrounded by mild to moderate edema.
Pain is unusual.

Systemic—

The disease spreads from the local area through the regional lymph
nodes and blood stream, which may result in overwhelming septicemia
and death in untreated cases. Inhalation of anthrax spores causes initial
symptoms that are mild and nonspecific resembling a common upper
respiratory infection. Respiratory distress, fever, and shock follow in
three to five days, with death commonly 7 to 24 hours thereafter.

PREVENTIVE MEASURES

Certification of imported hides, hair, and wool as anthrax free by
the exporting country has helped to reduce the incidence of anthrax. In
the United Kingdom imported hair and wool are treated with warm for-
maldehyde solution. In the United States the chief preventive measure
for high risk industrial workers is immunization. Improved personal
hygiene of workers, protective clothing, ventilation and housekeeping
controls in the plants are also valuable in control of the disease. Vac-
cination of animals in enzootic areas and strict adherence to laws re-
garding animals who have contracted or who have died of anthrax have
helped reduce agricultural incidence.
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BRUCELLOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

The acute form of this discase is now mainly confined to meat pack-
ing house employees and inspectors, livestock producers and marketers,
and veterinarians (1,2).
SYNONYMS

Undulant fever, Malta fever, Bang’s disease.

ROUTE OF ENTRY
Bacteria gain entry to the body through small cuts and scratches
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which are contaminated with blood and fluids of infected animals. The
inhalation route from dust around animal pens occurs, but is now quite
rare.

HARMFUL EFFECTS

Local—
None.

Systemic—

Onset is with a flu-like syndrome of fever, headache, and myalgias
(3). The fever is progressive with weight loss and weakness. The fever
is quite characteristically nocturnal with a nearly normal daytime tem-
perature. Chronic forms of brucellosis in the form of splenic abscesses,
bone and joint disecase with abscess formation, renal disease, and blad-
der disease are late complications usually occurring 10 - 20 years follow-
ing an acute episode which was untreated or inadequately treated.
Chronic forms of the disease which resemble neurasthenia remain an
ill-defined entity both clinically and serologically, and actual existence
of chronic brucellosis of this type is doubted. Diagnosis is established
by blood cultures and rising agglutination titers.

PREVENTIVE MEASURES

Control of bruccllosis in man is contingent upon control of the dis-
ease in animals, and the incidence in humans in a given locality is often
the index of the disease control cffectiveness in the domestic animal
population of that locality. Awareness of thc disease by the workmen
and by doctors who see patients involved in occupations where exposure
to infected animals is possible is very important. In the workplace hy-
gienic practices and proper attention to minor cuts and scratches, es-
pecially on the hands and forearm can help control the disease.

Brucella canis infections in man arc becoming a recognized problem
in individuals with contact with dogs. The agglutination test which will
identify antibodics in man as a result of infection with the other Brucellu
species is unreliable with Brucella canis unless the specific antigen is used.
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LEPTOSPIROSIS

POTENTIAL OCCUPATIONAL EXPOSURES

Those occupations at risk include farmers, field workers, sugarcane
workers, livestock producers and marketers, packinghouse workers,
sewer workers, miners, veterinarians, and military troops (1,2).
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SYNONYMS

Weil’s disease, swineherd’s disease, canicola fever, or hemorrhagic
jaundice.

ROUTE OF ENTRY

Infection generally results from bacterial penetration of the skin in
scratched or abraded areas, and there is some evidence to suggest pos-
sibility of infection by ingestion. Leptospira may be found in farm ani-
mals, dogs, wild animals, and rats and other rodents. The organism is
excreted in the urine, and the disease may be contracted by contact with
the infected urine or tissue, and with water polluted with infected urine
or tissue,

HARMFUL EFFECTS

Local—
None.

Systemic—

The incubation period is usually around ten days. The acute in-
fection begins with fever, headache, and chills, followed by quite severe
malaise, vomiting, muscular aches, and conjunctivitis. Frequently, men-
ingeal irritation occurs and along with jaundice, rcnal insufficiency, he-
molytic anemia, and hcmorrhage into the skin and mucous membranes
represent the characteristics of severe disease. Fatality rates in these
instances may run as high as twenty per cent. Diagnosis is by agglutina-
tion and complement fixation tests and culture of leptospiras in blood
during acute illness or in urine after the first week.

PREVENTIVE MEASURES

For those who work around suspect animals, protection should be
provided by boots and gloves. Control of the disease is accomplished
through rodent control, segregation of domestic animals, public health
ordinances which prcvent drainage from livestock feed lots into fresh
water or recreational areas, and vaccination of farm animals and pets.
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PLAGUE
POTENTIAL OCCUPATIONAL EXPOSURES

Occupational exposure in the United States is primarily in sheep-
herding families, farmers, ranchers, hunters, and geologists working in
sparsely populated areas of the Western states (1).
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SYNONYMS
Black Death, Bubonic plague.

ROUTE OF ENTRY

The flea is critical in the maintenance of plague. In the United
States, urban type plague has not been encountered since the San Fran-
cisco epidemic in 1907-1908. Sylvan plague occurs as a chronic epi-
zootic among wild animals in the United States. Rodents and other wild
mammals are the primary animal sources of the disease. The disease is
transferred from the infected wild animal to man by the bite of the fiea.

HARMFUL EFFECTS

Local—
The lymph nodes draining the site of the original infected bite be-
come acutely inflamed and painful.

Systemic—

The infection spreads from the lymph nodes into the blood stream
and produces localized infections in diverse parts of the body. Pneumonic
involvement carries a very high mortality rate, and this form of plague
is communicable from man to man.

PREVENTIVE MEASURES

Primarily, prevention consists of control of rat populations in ur-
ban areas, along with rat proofing of buildings, particularly rat control
and rat proofing of harbor and dock areas. Active immunization of
persons travelling in endemic plague areas and of laboratory workers is
important. Health education efforts should be promoted, especially in
the rural areas of the western part of the United States among the native
population.
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FOOD POISONING

POTENTIAL OCCUPATIONAL EXPOSURES

Rarely is food poisoning an occupational disease, but in many in-
stances the worker acts as the contaminating agent of otherwise pure
food. The three primary types of contamination are by bacteria of the
Salmonella group, Clostridium perfringens, and Staphylococcus aureus.
At highest risk are those individuals subjected to mass feeding techniques
such as in the military, in prisons, and in certain instances in cafeterias
in the workplace.

SYNONYMS
Gastroenteritis, acute G.1.’s.
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ROUTE OF ENTRY

In the case of salmonella, entry is by the fecal-oral route. In the
case of staphylococcus, the enterotoxin develops entirely within the food
and enters orally. Clostridium perfringens also enters orally.

HARMFUL EFFECTS

Local—
None.

Systemic—

Symptoms of Salmonellosis usually appear 12 to 24 hours after
ingestion of contaminated food, which usually will distinguish it from
staphylococcal food poisoning.

It is a febrile disease and can range from a trivial diarrhea to an
extremely severe disease with enteric fever, septicemia, dysenteric syn-
dromes, and such focal manifestations as pneumonia, meningitis, and
arthritis.

Staphylococcal food poisoning is produced by an enterotoxin which
develops as the staphylococcus grows in the food product. Onset of the
symptoms usually occurs after three hours, but can vary from one to six
depending on the quantity of the toxin ingested. Mild cases cause
increased salivation, nausea and vomiting with retching, abdominal pain
and cramps, watery diarrhea. Severe cases go on to show bloody vomitus
and stool and marked dehydration. Generally speaking there is complete
recovery within 24 hours.

Clostridium per/ingens is often present in animal tissue which if
held at incubating temperatures for several hours prior to consumption
can result in proliferation of the organisms and subsequent human ill-
ness. The disease is characterized by a sudden onset of abdominal colic
which is followed by diarrhea. Nausea is common, but vomiting is rare.
The disease is mild and recovery usually occurs within 24 hours.

There is no treatment except symptomatic treatment for uncom-
plicated food poisoning. Salmonellosis is treated by antibiotic therapy.

PREVENTIVE MEASURES

Primarily prevention consists of proper handling of food products,
with clean hands and garments, and with freedom from skin lesions.
Refrigeration of the food products at a proper level will prevent the
growth of the bacteria. Adequate cooking of foods will kill the salmo-
nella organisms. Once the enterotoxin of the staphylococcus is produced
in the food, no amount of cooking, freezing, or any other known method
will remove it from the food.

TUBERCULOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

Those individuals who are at greatest occupational risk are health
professionals in hospitals and sanitoriums caring for individuals afflicted
with this disease.
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SYNONYMS
Consumption.

ROUTE OF ENTRY
Entry of the causative agent is by inhalation and by fomites.

HARMFUL EFFECTS
Local—
None.
Systemic—
The majority of cases now involve pulmonary tuberculosis. This
is an infectious disease characterized by the formation of tubercles in

the tissue of the lung. General symptoms are fever, night sweats, emacia-
tion, and cough with expectoration.

PREVENTIVE MEASURES

Preventive measures include isolation control of patients with an
active disease, proper waste handling, repeated Mantoux testing of those
individuals involved with the care and treatment of patients with this
disease, and periodic X-ray examination of tuberculin-positive personnel.

MYCOBACTERIAL INFECTIONS

POTENTIAL OCCUPATIONAL EXPOSURES

Health care, pathologists,and other laboratory personnel exposed to
the tubercule bacilla are at risk of developing innoculation-type cuta-
neous tuberculosis. Gulf Coast fishermen and operators of tropical fish
stores (1,2) are at risk of developing cutaneous granulomas.

SYNONYMS

1) Verruca necrogenica, prospectors’ wart, butchers’ tubercle; 2)
tuberculous paronychia; 3) swimming-pool granuloma, fish-tank gran-
uloma.

ROUTE OF ENTRY

In the case of verruca necrogenica and tuberculous paronychia,
entry is generally through a puncture wound or break in the skin, such
as a hang-nail, and contamination with Mycobacterium tuberculosis. In
the case of the granulomatous lesion, route of entry is an abrasion or a
puncture wound commonly inflicted by a fish fin or bone. The wound in
this instance is contaminated with Mycobacterium marinum (balnei).

HARMFUL EFFECTS

Local—

A warty nodule develops at a puncture site or a paronychia de-
velops usually from a hang-nail and neither respond to local treatment,
surgical drainage, or antibiotics. They do, however, respond to systemic
antituberculosis chemotherapy. Granulomatous lesions are usually con-
fined to the hands and forearms. These also fail to respond to the usual
treatment. After diagnosis is made by culture, they do respond to broad
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surgical excision of the lesion. Systemic antituberculosis chemotherapy
is apparently ineffective. Infections of this type have been acquired in
salt water baths in the brackish water of the Chesapeake Bay, and in
brackish water of the Alabama and Louisiana coasts,

Systemic—
None reported.

PREVENTIVE MEASURES

Use of gloves is required to protect the hands; prompt and proper
care should be given to puncture wounds to prevent infection if a break
in skin occurs (1).

REFERENCES
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ERYSIPELOID

POTENTIAL OCCUPATIONAL EXPOSURES

This disease is commonly seen in butchers and poultry and fish
handlers where puncture wounds from bone spicules and fin spines are
frequent (1).

SYNONYMS
None.

ROUTE OF ENTRY

Route of entry is generally through breaks in the skin of the hands
caused by scratches, abrasions, and puncture wounds.

HARMFUL EFFECTS

Local--

Infection begins as erythema around the site of the wound with
fairly rapid peripheral spread. The spreading edge tends to be painful
and there tends to be central clearing as the spreading progresses.
Systemic-—

Frequently this disease is associated with painful localized lympha-
denitis. Occasionally septicemia can develop, but this can be controlled
by the expedient use of antibiotics. Wound cultures of erysipeloid show
Erysipelothrix rhusiopathiae (insidiosa), but generally the cultures reveal
a mixture of organisms.

PREVENTIVE MEASURES

Protective gloves are especially necessary for workers in the poultry
industry, There must be prompt and proper attention to bone scratches,
puncture wounds, and any other wounds on the hands of employees
working around poultry, meat, and fish.
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TULAREMIA

POTENTIAL OCCUPATIONAL EXPOSURES

Those occupations at highest risk are forestry workers, butchers
and locker plant operators, hunters and cooks, farmers, veterinarians,
and laboratory workers (1).

SYNONYMS
Deer fly fever, rabbit fever.

ROUTE OF ENTRY

This is a disease of rodents, resembling plague, which is transmitted
by bites of flies, fleas, ticks, and lice and may be acquired by man
through handling of infected animals. It is caused by Francisella tula-
rensis. Generally speaking the route of entry is through small cuts and
scratches on the hands from the lesions of the infected animals. This is
particularly true of hunters who dress wild rabbits and women who
handle these wild rabbits in cooking. Inoculation of the conjunctival sac
occurs when infectious fluids are splashed in the eye or from wiping eyes
with contaminated fingers. Man may become infected from the bites of
infected insects; from bites of animals carrying the organism in their
mouth as a result of feeding on infected carcasses; by eating insufficiently
cooked infected meat; or by drinking contaminated water.

HARMFUL EFFECTS

Local—
In man, an ulcer forms at the site of the inoculation, followed by
inflammation of the regional lymph nodes,

Systemic—

Severe constitutional symptoms usually appear following the de-
velopment of the ulcer. These consist of headache, myalgia, chills, and
rapid rise in temperature.

PREVENTIVE MEASURES

Control of the disease depends on the use of rubber gloves in hand-
ling carcasses of wild animals or safety hoods in laboratory experimen-
tation; avoidance of arthropods, flies, mosquitos, and wood ticks when
working in endemic area; avoidance of drinking raw water in endemic
areas; and thorough cooking of wild game.

REFERENCE
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FUNGAL DISEASES

The incidence of fungal disease of an occupational nature is not
great and is mainly confined to farmers, outdoor workers, and animal
raisers. Diagnosis in fungal diseases is made by microscopic identifi-
cation of the fungus with cultural confirmation.

Fungal diseases may be roughly classified by systemic, subcuta-
neous superficial, or hypersensitivity effects. Occasionally, the subcuta-
neous fungal diseases may spread systemically. Systemic effects may be
due to opportunistic fungal disease such as candidiasis or aspergillosis
which mainly disseminate in individuals with lowered resistance or in-
creased susceptibility. Histoplasmosis and coccidioidomycosis are not op-
portunistic in the sense that they occur systemically in healthy individuals.
Subcutaneous infections, usually introduced through a penetration of the
skin, include mycetoma, sporotrichosis, and chromoblastomycosis. The
dermatophytoses, including the Tinea groups, are superficial infections
caused by three genera of fungi. Finally, there may be hypersensitivity
reactions due to fungal antigens inhaled with dusts during agricultural or
other activities. These usually involve pneumonitis with asthmalike
symptoms.

CANDIDIASIS

POTENTIAL OCCUPATIONAL EXPOSURES

Those occupations at high risk are dishwashers, bartenders, cooks,
bakers, poultry processors, packinghouse workers, cannery workers,
and certain health workers.

SYNONYMS
Moniliasis, thrush.

ROUTE OF ENTRY

Candida albicans is still considered the major cause of candidiasis,
although other species of the same genus have been found to produce
similar signs and symptoms. Candida species are ubiquitous in nature
and are considered part of the normal human flora. It is a mild and op-
portunistic infection involving the skin and mucous membranes.

HARMFUL EFFECTS

Local—

Candidiasis is manifested by cutaneous, oral, and vaginal lesions,
These can become chronic and spread to other mucosal surfaces or in-
tertriginous areas in the groin, anti-cubital fossa, interdigital folds, the
inframammary areas, the umbilicus, and the axilla.

Systemic—
Systemic effects are rare and are usually found in persons having
surgery, diabetes mellitus, debilitating diseases, and immunosuppressive
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and antibiotic therapy. Aspiration pneumonia is probably the chief form
of visceral candidiasis. Endocarditis, meningitis, and ulcers of the di-
gestive tract are occasionally seen. Frequently these systemic compli-
cations are fatal.

PREVENTIVE MEASURES

In those occupations predisposed to working in water, proper care
and protection of the hands is essential. Protective cream and/or gloves
are indicated.

ASPERGILLOSIS (Allergic)

POTENTIAL OCCUPATIONAL EXPOSURES

The occupational instance of this disease is limited by the oppor-
tunistic nature of the aspergillus species (1,2). Aspergillus is a group
of fungi of low pathogenicity for man uniess resistance is overcome by
an overwhelming inoculum or debilitating illness. Farmers and grain
mill workers are at high risk because the plant and animal matter in
their work environment provide excellent growth media for fungal spores.
Bird handlers and raisers are also at high risk.

The syndrome of allergic aspergillosis occurs in asthmatics who de-
velop hypersensitivity to aspergillus antigens. Allergic reactions occur
in workers in rope factories (hemp discase) and are a frequent result of
aspergillosis exposure in Great Britain,

SYNONYMS
Hemp disease.

ROUTE OF ENTRY
Route of entry is generally by inhalation of the spores.

HARMFUL EFFECTS

Local—

Aspergillus fumigatus and other species of aspergillus are the cause
of aspergillosis. The fungus is usually found in large colonies in moist,
decaying vegetation heated by bacterial fermentation and in warm,
cereal grain storages. The disease may become disseminated or localized
to the lung, ear, orbit, or parinasal sinuses.

Systemic—
Secondary invasion by the hyphae into the blood stream may dis-

seminate the fungus to other parts of the body. Formation of abscesses
or granulomas in the brain, heart, kidney, and spleen may occur.

PREVENTIVE MEASURES

Farmers and grain mill workers working where the presence of
fungi is suspected should be provided with protective masks.
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COCCIDIOIDOMYCOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

This disease is endemic in the arid and semiarid areas of the South-
western United States and parts of northern Mexico and Argentina. Tt is
caused by the inhalation of the spores of Coccidioides immitis. The in-
fections generally occur during the dry season and following dust storms.
At high risk to coccidioidomycosis are migrant workers, farmers, con-
struction workers, military personnel, bulldozer operators, and excavation
workers in these endemic areas. Also at risk are cotton mill workers
and laboratory personnel who frequently handle the organisms in the
laboratory (1).

SYNONYMS

Valley fever, coccidioidal granuloma.

ROUTE OF ENTRY
The fungus gains entry by inhalation of dust.

HARMFUL EFFECTS

Local—
None.

Systemic—

Inhalation of the dust causes a respiratory infection, which is usually
symptomatic. The clinical picture presented is one of acute bronchitis or
pneumonia; chills, fever, cough, and poorly localized chest pain. Re-
covery normally follows in two or three wecks leaving some pulmonary
scarring and, in severe cases, calcification or cavity formation. In some
individuals who have had prior exposure to Coccidioides immitis, hyper-
sensitivity results and is manifested in two forms: 1) erythema multi-
forme and erythema nodosum-—sterile, self-limiting skin lesions of the
lower extremities (Valley fever) and 2) pleural effusion—a result of
antigenic material introduced into the pleural cavity, Coccidioidal gran-
uloma is a disseminated form of coccidioidomycosis which is often fatal.
Abscess formation in the lungs and the rest of the body, including the
central nervous system, may occur. Immunologic resistance develops in
individuals who recover. There are occasions of unusual syndromes (2).

PREVENTIVE MEASURES

Laboratory workers should be especially careful when handling this
organism, Workers from nonendemic areas should not be recruited for
dusty operations in endemic areas. Dust in areas around camps and
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construction sites can be controlled by planting grass or by watering or
oiling exposed soils, roads, and airstrips. Where the fungus is known to
exist and the worker cannot otherwise be protected, he should be sup-
plied with a mask.
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HISTOPLASMOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

This disease is an opportunistic primary pulmonary infection which
occasionally disseminatecs. The occurrence is worldwide (1). The
causative agent, Histoplasma capsulatum, is a dimorphic fungus growing
on soils enriched by bat, chicken, and other bird excrement. Occupations
that involve employment around old barnyards, chicken houses, or caves
are likely to have a high incidence of the disease. Farmers who spread
fertilizers or soil containing chicken droppings or large quantities of or-
ganic matter may also be exposed. Occasionally cases occur among
construction workers resulting from exposure when a building which
pigeons have adopted as a nesting and roosting site is demolished or
when ground under the roost of wild birds is disturbed.

SYNONYMS
Darling’s disease, reticuloendotheliosis.

ROUTE OF ENTRY

In most cases the portal of entry is the lung. Infection may occur
through the gastrointestinal tract, but this is thought to be secondary to
primary lesions of the mouth and pharynx.

HARMFUL EFFECTS

Local—

Chronic localized histoplasmosis takes two primary clinical forms:
a) pulmonary; this type of infection resembles pulmonary tuberculosis
in all respects; b) mucocutaneous ulcers of the mouth, tongue, pharynx,
gums, larynx, penis, or bladder; these are rare lesions found only in
adults.

Systemic—

Pulmonary histoplasmosis ranges from a slight self-limited infection
to fatal disseminated disease. Least resistance to histoplasmosis is found
in young infants and in adults after the fifth decade.

Adult histoplasmosis shows a marked predilection for men. Histo-
plasmosis of the lips, nose, mouth, and larynx occurs almost exclusively
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in adults, and is the initial manifestation in about one third of all fatal
cases. Adult complications of the disease include subacute vegetative
endocarditis, massive lymphadenopathy resembling tuberculosis or lym-
phoma, various forms of pneumonia, cerebral histoplasmoma, and men-
ingitis.

In infants there is fever, emaciation, anemia, leukopenia, and evi-
dence of the widespread involvement of the viscera including liver,
spleen, lung, lymph nodes, adrenals, skin, kidney, brain, eyes, and en-
docardium.

PREVENTIVE MEASURES

The incidence of histoplasmosis is limited by the control of ex-
posures and by dust control methods (watering or oiling of soil surfaces).
Disinfectant solutions may also be sprayed on the soil. Use of masks is
recommended in areas which are known to be contaminated when ex-
posure cannot be prevented.

REFERENCE
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MYCETOMA

POTENTIAL OCCUPATIONAL EXPOSURES
At special risk are farmers and individuals exposed to puncture
wounds.

SYNONYMS
Maduromycosis.

ROUTE OF ENTRY

Route of entry is penetration through skin usually by puncture
wounds and usually following trauma. Reservoir for the fungi is in soil
and decaycd vegctation.

HARMFUL EFFECTS

Local—

The condition can be caused by true fungi or by actinomycetes
producing a lesion. Sinus tracts develop presenting colonies of fungus
(granules) in the exudate. Isolation of the fungus in culture and study
of the granules are necessary for identification of the microorganisms.
Systemic—

The causative organism rarely disseminates, and systemic effects are
minimal.

PREVENTIVE MEASURES

Prevention of disease is dependent on the prevention of puncture
wounds (1). Treatment is difficult and frequently ineffective and am-
putation may become necessary.
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SPOROTRICHOSIS

POTENTIAL OCCUPATIONAL EXPOSURES

Sporotrichosis is a subcutaneous mycotic infection. The agent,
Sporothrix (Sporotrichum) schenkii, is a saprophyte on plants and may
be present on thorns or in sphagnum moss (1). Those at highest risk
are farmers and gardeners, horticulturists, florists, nursery workers, and
those using sphagnum moss. It has also been reported in miners in South
Africa who came in contact with heavily infected timber shorings.

SYNONYMS
None.

ROUTE OF ENTRY

The principal route of entry is by contaminated splinters or soil
penetrating the skin through cuts and scratches.

HARMFUL EFFECTS

Local—

The fungus causes a series of hard, red, nodular lesions as it spreads
up the extremities, following the lymphatic system. The nodules are
granulomas which undergo necrosis and become ulcerated.

Systemic—
Rarely does this discase become systemic, but when it does it in-

volves muscles, mucus membranes, the viscera, the skeletal system, and,
even more rarely, the lungs (2).

PREVENTIVE MEASURES

Prevention consists of protection of the hands and forearms espe-
cially against splinters, thorns, and contaminated soil. This is especially
important for people working with sphagnum moss and can be afforded
by long gloves and arm protectors.
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CHROMOBLASTOMYCOSES

POTENTIAL OCCUPATIONAL EXPOSURES

Chromoblastomycoses are subcutancous mycoses caused by a group
of fungi which are slow growing saprophytic fungi (1). Those at highest
risk are farm workers and other individuals subjected to scratches on
the feet and legs, particularly those who live in tropical areas.
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SYNONYMS
Verrucous dermatitis.

ROUTE OF ENTRY

The route of entry is any break in the continuity of the skin of the
feet and the legs.

HARMFUL EFFECTS

Local—

At the site of the wound a progressive cauliflower-like lesion is
produced on the skin. The disease itself is characterized by dermal
microabscesses containing fungi, by epidermal hyperplasis and hyperker-
atosis, and by extensive fibrosis which may obstruct the lymph channels.

Systemic—

Usually none, unless the lymphatic scarring results in elephantiasis.
Hematogenous spread to the groin has been reported.

PREVENTIVE MEASURES

Preventive measures include the wearing of shoes and the covering
of the legs of workmen to prevent the cuts and scratches necessary to
introduce the fungi.
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DERMATOPHYTOSES
POTENTIAL OCCUPATIONAL EXPOSURES

These infections are caused by three genera of fungi. At high risk
are farmers, animal handlers, pet and hide handlers, wool sorters, cattle
ranchers, athletes, lifeguards, gymnasium employees, and animal labora-
tory workers,

SYNONYMS
Ringworm, athlete’s foot, jock strap itch.

ROUTE OF ENTRY

The main reservoir of these superficial fungi is in man and animals.
Ringworm of the feet or athlete’s foot develops in areas of maceration
between the toes. Ringworm of the nails is generally due to spread from
ringworm on the feet or hands. Ringworm of the groin occurs in the
folds of the upper inner thigh where chafing and irritation are common.
Ringworm of the body or ringworm of the hand are usually due to con-
tact with animals or other human beings with similar conditions. Ring-
worm of the scalp can be due to contact with animals, but most generally
it is transmitted from man to man.
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HARMFUL EFFECTS

Lacal—

In all of these superficial ringworm infections, it is necessary to
make sure of the diagnosis by cultural methods if possible because they
mimic too closely other diseases.

The lesion of the skin is characteristically flat, spreading, ring
shaped, with reddish, vesicular, scaly or crusted periphery, and a central
clearing area. The lesion of nails and of hair demonstrates a keratolytic
property of the ringworm fungus, which can cause the nail to disinte-
grate; hair to dissolve; and the scaffolding of the stratum corneum, the
keratinized cell, to be demolished. Living epidermis is not affected.

Ringworm of the feet is the most common type of ringworm infec-
tion. The intertriginous involvement may remain chronic and localized
or may develop acute exacerbations, with extensive formation of vesicles
and bullae over the feet and occasionally vesicular lesions elsewhere on
the body, particularly the hands (“id” reaction).

Systemic—

None

PREVENTIVE MEASURES

Prevention depends on recognition of the disease in animals and
proper handling techniques with these animals. Also necessary are
sterilization and proper laundering of towels and general cleanliness in
showers and dressing rooms of gymnasiums and swimming pools. Edu-
cation for personal hygiene is also effective control.

MISCELLANEOUS FUNGAL DISEASES

POTENTIAL OCCUPATIONAL EXPOSURES

There is a group of conditions related to inhalation of fungus and
actinomycetes spores which are hypersensitivity diseases (1-6). Re-
peated exposure sensitizes the individual to the spores (protein sensiti-
zation), and the disease state recurs on subsequent exposure. At high
risk are farmers who handle hay in confined areas, saw mill operators,
mushroom workers, sugarcane workers, cork workers, workers exposed
to redwood processing, and workers handling other agricultural products
on an industrial basis such as seeds, textile fibers, wood, and gum.

SYNONYMS
Farmer's lung, maple-bark disease, mushroom worker’s lung, bagas-
sosis, suberosis (cork mold), sequoiosis (redwood mold).

ROUTE OF ENTRY
Inhalation of the spores is the primary route of entry.

HARMFUL EFFECTS

Local—
None.
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Systemic—

High exposure to the spores as in “farmer’s lung” may cause an
acute respiratory infection and the offending fungi may be cultured from
the sputum. Repeated exposure sensitizes these individuals to the spores
and these workers may develop acute asthmatic attacks even when the
dust is very dilute in the atmosphere.

PREVENTIVE MEASURES

Prevention is possible through proper handling of products con-
taminated with molds, proper ventilation, and use of dust respirators able
to retain the smallest spores. Once the hypersensitivity reaction is recog-
nized, an individual should not be subjected to further exposure.
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PARASITIC DISEASES

Parasitic infections of occupational significance are caused by pro-
tozoa, helminths, and arthropods, Diseases caused by protozoa include
malaria, amebiasis, leishmaniasis, trypanosomiasis, and a variety of less
common blood and gastrointestinal infections. Helminthic diseases in-
clude schistosomiasis, creeping eruption, and hookworm. Arthropods
such as mites and chiggers, may cause dermatoses and may act as vectors
or hosts for other nonarthropod parasites.

Many parasitic disecases are zoonoses; that is, they are transmissible
under natural conditions between vertebrate animals and man. Parasitic
diseases may have reservoirs in infected wild or domestic animals, or in
infected persons. Recent increases in the amount and speed of interna-
tional travel have resulted in dissemination of parasitic diseases to areas
where they have been unknown or uncommon. The physician should
be alert to the possibility that diseases usually considered exotic or trop-
ical may appear in urban areas in nontropical regions, and may even be
transmitted under seemingly improbable circumstances.

Certain occupational groups are at great risk of contracting a par-
asitic disease because of their exposure to vectors carrying a parasitic
disease, their direct contact with the infective form of a parasite, and
indirectly their presence in areas where conditions are crowded or sani-
tation and hygiene are inadequate.
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SWIMMER'S ITCH
POTENTIAL OCCUPATIONAL EXPOSURES

Individuals at risk include those required to work in and around
fresh lakes, ponds, and swamps, e.g., skin divers, dock workers, water-
men, and lifeguards.

SYNONYMS

Schistosome dermatitis, cercarial dermatitis, clam digger’s itch,
swamp itch.

ROUTE OF ENTRY

Route of entry is by penctration of certain species of freshwater
schistosome cercariae through the wetted skin.

HARMFUL EFFECTS

Local—

Itching during the drying of exposed wetted skin surfaces is fol-
lowed initially by localized redness and edema and later by pruritic
macules and papules. Occasionally areas covered by clothing will also
be affected.

Systemic—
None.

PREVENTIVE MEASURES

Exposed wetted skin should be thoroughly dried immediately.
Cercariae in small bodies of water can be controlled by addition of a
mixture of copper salts or by spraying with formaldehyde.

CREEPING ERUPTION

POTENTIAL OCCUPATIONAL EXPOSURES

Those occupations at highest exposure are ditch diggers, masons,
gardeners, utility workers, laborers, plumbers, and lifeguards. It is prev-
alent in areas where hookworm eggs in cat or dog feces are deposited
on warm sandy soil and subsequently develop into infective larvae.

SYNONYMS
Cutaneous larva migrans.

ROUTE OF ENTRY

Penetration of the skin is the route of entry. The eggs discharged
in the feces develop into a filariform stage and then are capable of pene-
trating the skin, Transmission to man requires environmental tempera-
ture and humidity appropriate for development of the egg to the infec-
tive filariform larval stage. Beaches and other moist sandy areas are
hazardous, because animals choose such areas for defecation.
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HARMFUL EFFECTS
Local—

Larvae burrow into the skin, producing a serpiginous track of ery-
thema, induration, and pruritis.

Systemic—
None.

PREVENTIVE MEASURES

Recreational areas should be kept free of dogs and cats. Individuals
whose occupations require they work in moist, warm, sandy soil, par-
ticularly in the southern parts of the United States, should be supplied
with rubber boots and gloves.

HOOKWORM DISEASE

POTENTIAL OCCUPATIONAL EXPOSURES

This disease prevails in tropical countries where defecation on soil
by infected persons permits development of the larvae, and subsequent
infection by others contacting the larvae. Warm climate, sandy soil, and
moisture favor continuation of the cycle. Individuals whose occupations
bring them into direct contact with the soil, for instance, barefoot farm-
ers in the South, ditch diggers, sewer workers, and recreation workers
and lifeguards at recreational beaches, are at high risk of exposure.

SYNONYMS

Ancylostomiasis, uncinariasis.

ROUTE OF ENTRY
The larvae invade the exposed skin.

HARMFUL EFFECTS

Local—

At the site where the larvae invade the skin, there is erythema and
edema, with severe pruritis. The most frequent area of these penetra-
tions is the feet, especially the interdigital area, and this circumstance
has been called “ground itch™ in those localities.

Systemic—

The hookworm migrates from the skin via the circulatory system
through the lungs, to the gastrointestinal tract. The hookworm attaches
to the wall of the small intestine. Nonspecific gastrointestinal symptoms
occur. The major finding in these cases is an iron-deficiency anemia as
a consequence of chronic intestinal blood loss caused by the parasites.

PREVENTIVE MEASURES

Education of rural populations and field workers to use sanitary
facilities for the proper disposal of feces is necessary. Elimination of
soil pollution is necessary in order to control this disease. There should
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be mandatory wearing of shoes and/or rubber boots and the protection
of hands by gloves to protect individual workers.

ASCARIASIS

POTENTIAL OCCUPATIONAL EXPOSURES

Ascariasis is a nematode infection which may be occupationally
important where human feces are deposited on the soil rather than in
sanitary facilities. Those occupations at high risk are the same as for
hookworm.

SYNONYMS
None.

ROUTE OF ENTRY

The route of entry is the oral route, generally by the ingestion of
embryonated eggs contained in contaminated food, or by the introduc-
tion of the eggs into the mouth by the hands after contact with contam-
inated soil.

HARMFUL EFFECTS

Local—
None.

Systemic—

After the eggs are ingested, the larvae are liberated in the small in-
testine. They migrate through the intestinal wall and ultimately reach
the lung. After a short period of time, the larvae pass through the bron-
chioles, bronchi, trachea, and epiglottis, are swallowed, and develop into
male and female adults in the small intestine. Clinical manifestations
are usually diverse; severe bronchopneumonia can develop with heavy
infections, as can abdominal pain in partial or complete intestinal ob-
struction.

PREVENTIVE MEASURES

As with hookworm this is a matter of education of those people in
exposed areas to the proper disposal of feces and strict attention to per-
sonal hygiene (1,2).

REFERENCES
1. World Health Organization. 1967. Control of Ascariasis, World Health Or-
gmization Technical Report Series No. 379. World Health Organization,
eneva.

2. Barrett-Connor, E. 1972, Human intestinal nematodiasis in the United States.
Calif. Med, 117:8.

MITES, CHIGGERS, AND TICKS
POTENTIAL OCCUPATIONAL EXPOSURES
These are mainly ectoparasites, and may transmit disease. Eggs
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are deposited in soil or on a host, and hatch into parasitic larvae which
feed on blood. The chigger is commonly encountered in grassy areas in
large areas of the United States but predominantly in the South. The
larvae crawl up the legs of man or animals and attach to the skin. Those
at highest risk are construction workers, linemen, farmers, pipeline work-
ers, and surveyors.

The fowl or chicken mite which parasitizes both wild and domestic
fowl is sometimes a parasite of man. Poultry workers are likely to be
affected.

Mites of the family Pyemotidae attack man and cause a dermatitis
called “straw itch” or “grain itch.” Persons at risk include farmers,
gardeners, potters, broommakers, and others handling wheat, barley, or
straw. These mites exist in grain elevators, straw mattresses, and dust
from farm machinery.

Mites belonging to the family Acaridae infest cereals, grains, copra,
vanilla pods, and cheeses. Persons handling these products can become
occupationally exposed.

The wood tick, the dog tick, the Lone Star tick, and the Gulf Coast
tick have all been incriminated in the transmission of disease to man by
their bite. Those individuals most likely to be subjected to tick bite are
individuals whose occupations require them to be in contact with nature,
such as forest rangers, woodsmen, employees of recr¢ational areas, hun-
ters, trappers, ranchers, and farmers.

SYNONYMS
None

ROUTE OF ENTRY

In all instances route of entry is by the bite of the parasite through
the skin of man.

HARMFUL EFFECTS

Local—

Chigger bites appear on the lower legs and elsewhere at sites of
clothing restriction. Itching and swelling surround the bite for one or
two days, after which the surrounding area may become edematous,
indurated, or dusty red in color. Itching may cause loss of sleep and
fever and secondary infection may be present.

The fowl or chicken mite causes itching and dermatitis. This mite
has been demonstrated to carry viruses which cause St. Louis encepha-
litis, Newcastle disease, and western equine encephalitis, Food mites
produce pruritic papular eruptions on exposed areas, usually shoulders
and chest. A tick bite is usually quite innocuous, and it is only the pres-
ence of the tick that draws attention to the bite. Removal of the tick is
important in that the tick should not be crushed and care must be taken
so that the head is also removed.

Systemic—
In most cases, none. Secondary infection occurs. In the case of the
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tick, if the head is not completely removed or if the tick is allowed to
remain for days feeding on human blood, a condition known as tick
paralysis can develop, which is due to a neurotoxin which the tick ap-
parently injects while engorging. This acts upon the spinal cord and
bulbar nuclei causing incoordination, weakness, and paralysis.

PREVENTIVE MEASURES

Preventive measures include use of protective clothing, insecticides,
and repellants and paying close attention to personal hygiene (1).
REFERENCE

1. Gouck, H. K. 1966. Protection from ticks, fleas, chiggers, and leaches. Arch.
Dermatol. 93:112.
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Figure 4. Occupational contact dermatitis.
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DERMATOSES
Donald J. Birmingham, M.D.

Any abnormality of the skin induced or aggravated by the work
environment is termed an “occupational dermatosis.” A dermatosis,
therefore, can represent one or more alterations in the skin ranging from
the mildest erythema and scaling to a complicated eczematous, acne-
form, pigmentary, neoplastic, granulomatous, or ulcerative disorder.
Commonly used terms as “industrial dermatitis” or “occupational contact
dermatitis” actually designate an inflammatory process of eczematous
nature; whereas descriptive titles as “cutting oil acne,” “tar melanosis,”
“pitch cancer,” “silica granuloma,” ‘“chrome ulcer,” among others, are
used to identify cause and effect.

Occupational diseases of the skin are common for at least two rea-
sons: first, the skin has a large surface area available for contact ex-
posure; and, second, the work environment contains innumerable natural
and artificial materials capable of exerting chemical, mechanical, physical,
biological, or photoreactive insults to the skin. Causal agents, therefore,
are diverse; but chemicals are by far the most frequent offenders.

Organic and inorganic chemicals are everywhere in modern in-
dustry, on the farm, and even in the household. In acting as primary
irritants or allergic sensitizers or as photosensitizers, the usual clinical
effect is contact eczematous dermatitis, This type of cutaneous response
characterizes about 75 to 80 per cent of the occupational dermatoses
observed and about four-fifths of these are due to contact with primary
irritant chemicals. See Figure 4.

NATURAL PROTECTION

Anyone who works is a potential candidate for developing an oc-
cupational dermatosis; however, many workers are not affected with
these disorders. Several intrinsic factors influence the behavior of the
worker’s skin, the most important of these is its own natural defense.
Anatomically, the skin acts as a body envelope whose connective tissue,
including the elastic fibers, provides flexibility which buffers moderate
blunt mechanical trauma. The outermost layer of the skin, thickest on
the palms and soles, is a complex protein called “keratin.” Though
composed of dead cells, the keratin layer is a most important line of
cutaneous defense. It protects against the rapid entrance of water and
water-soluble chemicals and, similarly, prevents mass loss of water from
the body. In a limited way, it offers resistance to mild acids and water;
but its chemical nature does not furnish satisfactory defense against
alkalis, strong acids, solvents, or prolonged immersion. These agents
disrupt the chemical nature and the cohesiveness of the keratin cells,
thereby, weakening their barrier effect. Protection also results from the
increased thickening of the keratin layer which follows repetitive trauma
or the action of ultraviolet rays.
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Keratin cells are covered by a film of sweat and sebaceous gland
material (sebum) mixed with the by-products of the keratinizing epi-
dermis. All of these materials make up the acid surface film, sometimes
called the “acid mantle.” This film may provide some impedance to the
rapid entrance of water and water-soluble chemicals; but its ready re-
moval by water, soap, detergents, and solvents obviously limits its ef-
fectiveness in defense.

Residing below the keratin layer are the living epidermal cells which
stem from the basal cells located in the lowermost area of the epidermal
layer, Basal cells or germinative cells supply the epidermal cells, which
in turn, become keratin cells. Located among the basal cells are the
pigment-forming elements, the “melanocytes,” which manufacture mel-
anin. This material, the product of an enzyme reaction, is picked up by
the epidermal cells and migrates upward with them, at the same time
furnishing protection against sunlight and ultraviolet rays.

Blood vessels, nerves, sweat glands, and sebaceous glands are lo-
cated within the dermis. The major defense against heat is furnished by
the interaction of blood vessels, nerves, and sweat glands. Located
within the upper dermis are numerous merve receptors and effectors
which delineate sensory perception and, thereby, afford protection against
certain external stimuli. An antimicrobial capacity appears to be present
in the skin and probably is influenced by the skin’s secretions and ex-
cretions, products arising from the cellular turnover of the epidermal
cells, and the inherent dryness which the skin possesses.

PRIMARY IRRITANTS

Most occupational dermatitis is caused by primary irritant chemi-
cals. These agents will cause dermatitis by direct action on the normal
skin at the site of contact if they are permitted to act in sufficient in-
tensity or quantity for a sufficient length of time. Thus, any normal skin
will almost always react to a primary trritant if the above requirements
are met, Strong or absolute irritants as sulfuric acid, sodium hydroxide,
or methyl bromide produce an observable effect within a few minutes,
depending upon their concentration. Conversely, weak or marginal irri-
tants as acetone, soap and water, and mineral oil may require several days
before a clinically recognizable change occurs.

The precise mechanism of how primary irritants disturb the skin is
far from understood, but clinical effect generally varies with the degree
of injury. Strong acids react vigorously with skin to form acid albu-
minates. Clinically, an acid burn resembles a thermal burn. Strong
alkalis combine with fats and also dissolve protein, including the cyto-
plasm of keratin cells. Marginal alkaline irritants produce less destruc-
tion of tissue, but subtly cause dehydration of the keratin by inducing
foss of cell cohesion, cracking, and loss of continuity.

Lipid solvents remove the surface film, disturb the water-holding
quality of the keratin cells, and injure the membranous structure of epi-
dermal cells. Metallic salts of arsenic, mercury, zinc, and chromium
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precipitate skin protein and if the concentration of these materials is
sufficient, ulceration of the skin occurs. Otherwise, contact dermatitis
results. Oxidizing and reducing agents also injure keratin and epidermal
cells. The events which occur in the various layers following exposure
to most of the irritant chemicals are not well understood.

ALLERGIC SENSITIZERS

It is generally estimated that 20 per cent of occupational contact
dermatitis is caused by allergenic materials. Naturally, this will vary in
any industrial plant, depending upon the materials being handled. Prac-
tically any chemical can act as a sensitizer, but certain ones are more
conspicuous because of this capacity. Some examples are: poison ivy,
poison oak, epoxy monomers and their amine hardeners, potassium
dichromate, nickel, formaldehyde, tetramethylthiuram disulfide, and
mercaptobenzothiozole.

Cutancous sensitizers differ from primary irritants in their mode of
action and in the effects they create within the skin. Most sensitizers do
not produce demonstrable cutaneous changes on first contact or perhaps
for many days or weeks. However, the sensitizer induces certain specific
cellular changes in the skin so that after a period of incubation (five to
seven days or more) further contact with the same or a closely related
agent on the same or other parts of the body results in an acute der-
matitic reaction.

The essential differences between primary irritation and allergenic
sensitization, therefore, are time and a different mechanism of action.
Another difference which may be noted is that an irritant usually affects
a number of workers whereas a sensitizer generally affects a few. This,
of course, does not apply to potent sensitizers as poison ivy or epoxy
resin systems. In spite of these differences, it can be extremely difficult
to distinguish between a marginal irritant and a cutaneous sensitizer
because the marginal irritant also requires prolonged or repeated contact
before a dermatitis appears.

PHOTOSENSITIZERS

Photosensitivity is the capacity of an organ or organism or certain
chemicals and plants to be stimulated to activity by light or to react to
light. Photosensitizers are divided into “phototoxic” and “photoallergic”
materials. Several derivatives of coal tar, e.g., anthracene, phenanthrene,
and pitch, possess this activity.

Photobiologic effects as melanosis or photodermatitis are associated
with specific chlorinated hydrocarbons, particularly the chlorobenzols,
the diphenyls, and the triphenyls; dyes as acridine, eosin, and rose ben-
gal; certain essential oils as bergamot; and a number of plants as limes,
wild parsnip, fennel, and *“pink-rot” celery.

Phototoxicity, like primary irritation, can affect anyone; however,
heavily pigmented skin is more resistant. Similarly, photoallergens, like
allergic sensitizers, affect far fewer people.
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DIAGNOSIS

Recognizing and diagnosing an occupational dermatosis, like any
cutaneous disease, depends upon satisfying several basic criteria. These
fundamental tenets deal with the morphology or appearance of the erup-
tion, its location, the history and course of the disease, and laboratory
data.

The eruption should look like a contact dermatitis or one of the
other clinical types classified as an occupational dermatosis. Lesions
should be located on sites of greatest exposure, notably the backs of the
hands, the volar surfaces of the wrists, the forearms, and the cubital
areas—particularly when dusts and liquids are the contactants. Involve-
ment of the face, eyelids, ears, and “V” of the neck usually indicates
exposure to fumes, vapors, or mists. Excessively dusty exposures can
affect large areas of the skin by direct contact or by manual transmis-
sion.

When the disease is suspected of being occupational, the history
should reveal that the rash occurred after beginning work and that pe-
riods of remission and recurrence correlate with work exposure. A
thorough history reveals the substances being handled at work and at
home, including medications applied or ingested; the manner in which
contact has been made; cleansing habits with soaps or solvents; and the
use of protective equipment, including barrier creams, gloves, etc.

Most workers with an active occupational dermatosis relate that
the eruption diminishes, but rarely disappears completely, over the week-
end. Additionally, the eruption almost always worsens upon return to
work after the weekend, When the eruption fails to clear after six to
eight weeks of sick leave or after complete withdrawal from the sus-
pected contact agent through a job change, other reasons for the der-
matitis should be explored.

Actually, the prolonged or recurrent eruption may represent an
underlying disorder as atopic dermatitis, psoriasis, nonoccupational con-
tact dermatitis, nummular eczema, among other nonoccupational dis-
eases. Certain laboratory procedures may be indicated and may further
define the disease process. These may include skin scrapings and cul-
ture for detecting the presence of a superficial fungus, anaerobic or
aerobic cultures for bacteria, histopathologic diagnosis following skin
biopsy, diagnostic patch tests or photopatch tests to detect an allergen.
Additional analytical tests for porphyrins in urine and for metals in urine
or blood, skin or hair may also be indicated.

CLINICAL CLASSIFICATION

Occupational dermatoses have considerable morphologic variety.
Their appearance and pattern rarely indicate the provoking substance,
but may provide a clue as to a class of materials being encountered.
Diagnosis depends upon appearance and location, but mostly upon his-
tory. Supervening infections or undesirable therapeutic effects make the
diagnosis more difficult.

Despite the numerous clinical reactions the skin can display, the
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following groupings comprise the majority of the occupational derma-
toses:

(1) Acute contact eczematous dermatitis characterized by ery-
thema, edema, papules, vesicles or bullae, crust, scale, and finally, des-
quamation. These are the signs of an inflammatory eczematous derma-
titis caused by contact with a primary irritant or a sensitizer or a photo-
sensitizer.

(2) Chronic eczematous dermatitis characterized by erythema,
lichenification, scaling, dryness, and fissuring resulting from contact with
substances which dehydrate the skin as alkali, liquids and dusts, solvents,
soaps and detergents.

(3) Folliculitis and acneform dermatoses including chloracne char-
acterized by plugged sebaceous follicles and nodular and suppurative le-
sions. Chloracne also shows multiple cystic lesions which contain straw-
colored material. These dermatoses are caused by contact with insoluble
oils, greases, tars, waxes, and certain chlorinated hydrocarbons as the
chloronapthalenes.

(4) Neoplastic (benign and malignant) types as keratoses, papil-
lomata, epitheliomas, and carcinomas of the exposed areas. These us-
ually are caused by certain petroleum products, coal tar and certain
derivatives, sunlight, and ionizing radiation.

(5) Pigmentary disturbances characterized by an increase or de-
crease of pigment in the epidermis. Increased pigmentation can result
from contact with coal tar compounds, certain petroleum oils, vegetables,
fruits, sunlight, and trauma. Decreased or absent pigmentation may re-
sult from burns; forceful trauma; chronic dermatitis; monobenzyl ether
of hydroquinone; and certain phenolics as tertiary butyl catechol, tertiary
amyl phenol, and tertiary butyl phenol.

(6) Granulomatous dermatoses characterized by chronic indolent
focal inflammations which tend to heal with scar. These lesions can re-
sult from bacterial, viral, fungal or inanimate agents as asbestos, beryl-
lium, and silica.

(7) Ulcerative lesions characterized by a loss of tissue on a cutan-
eous or mucous membrane surface leading to necrosis. Ulcerations can
be caused by arsenic trioxide, calcium compounds, cement and concrete,
chromic acid, burns and trauma. They may also result from purposeful
or unconscious manipulation.

(8) Miscellaneous lesions. Some occupational dermatoses, because
of their unusual nature, do not fit into the above classifications. Among
such miscellaneous lesions are:

(a) alopecia induced by chloroprene;

(b) acro-osteolysis, with or without Raynaud’s;

(c) sclerodermoid changes believed due to vinyl chloride poly-
merization;

(d) discolorations of the hair, skin, and nails due to various chem-
icals;

(e) porphyria cutanea tarda caused by a certain chlorinated hy-
drocarbon intermediate.



84 OCCUPATIONAL DISEASES

OCCUPATIONS AND AGENTS

The following is a list of occupations each accompanied by certain
agents frequently associated with that occupation and capable of pro-
ducing a dermatosis. Additional agents for the occupations listed as well
as additional occupations will be found in other sections, principally the
one on chemical hazards.

Abrasive Wheel Makers insecticides
carborundum medicaments
emery parasites
resin glues pesticides

viruses

Agricultural Workers
See Farmers Artists (Painters)

acrylics

Aircraft Workers epoxies
adhesives (resins) paint removers
alkalis pigments
bichromates plasticizers
chromates solvents
chromic acid
cutting fluids Artists (Sculptors)
cyanides dusts

€poXy resins
flame retardants

plaster of Paris
pheumatic tools

glass fibers polishes
hydraulic fluids

hydrofluoric acid Athletes
lubricants adhesives
nitric acid antibiotics
otls bacteria
paints lime ,
plastics medications
rubber protective gear
solvents soaps
thinners

ultraviolet light

Automobile Workers (Assembly)

vibrating tools adhesives
X-rays asbestos
antifrecze
Animal Handlers brake fluids
antibiotics brake linings
bacteria flame retardants
cleaners & detergents gasoline
deodorants hydraulic fluids
feeds oils
fungi rubber
germicides solvents



Automobile Workers (Body)

abrasives
adhesives

alkalis

lead

paints

rubber compounds
solder

solvents

Automobile Workers (Mechanic)

acids
adhesives
alkalis
antifreeze
brake fluids
brake linings
cleansers
epoxy resins
gasoline
hydraulic fluids
lubricants
rubber
solvents
thinners

Bakers

benzoyl peroxide
cinnamon
dough

dusts

flavors (oils)
flour

fungi

heat
moisture
spices

sugar

Barbers

ammonium thioglycolate
antiseptics

bacteria

cosmetics

depilatories

detergents

dyes

fungi

DERMATOSES

hair conditioners
hair sprays

hair straighteners
hair tonics
perfumes
shampoos

shaving creams
ultraviolet
vibrating machines
wave solutions

Bartenders

citrus fruits
detergents
disinfectants
flavors
moisture
soaps

Bath Attendants

deodorants
fungi
liniments
lotions

oils

soaps
ultraviolet

Battery Makers
alkali
cobalt
epoxy sealer
fiber glass plates
mercury
moisture
nickel
pitch
plastics
solvents
sulfuric acid
zinc chloride

Bleachers
borax
chlorine compounds
hydrochloric acid
hydrogen peroxide
oxalic acid
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Bleachers (cont’d)
per-salts
potassium hydroxide
sodium hydroxide
solvents

Bookbinders
formalin
glues (natural)
glues (resin)
inks
shellac
solvents

Brick Masons
cement
chromates
cold
epoxy resins
lime
moisture

sunlight

Briquette Makers
coal tar pitch

Bronzers
acetone
ammonia
ammonium sulfide
amyl acetate
antimony sulfide
arsenic
arsine
benzine
benzol
cyanides
heat
hydrochloric acid
lacquers
mercury
methyl alcohol

petroleum hydrocarbons

phosphorus

resins

sodium hydroxide
sulfur dioxide
turpentine
varnishes

Broom Makers

bacteria
bleaches

dust, vegetable
dyes

fungi

glues - natural & resin
parasites

pitch

plastics

rubber

shellac
solvents

tar

varnish

woods

Brush Makers

See Broom Makers

Butchers

antibiotics
bacteria
brine

cold
detergents
enzymes
fungi
moisture
parasites

Button Makers

bacteria

dusts - animal, vegetable,
mineral

dyes

hydrogen peroxide

plastics

Cabinet Makers

bleaches

glues - resin & casein
insulation agents

oils

polishes

rosin

shellac

solvents



Cabinet Makers (cont’d)
stains
woods

Cable Splicers
chlorinated diphenyls
chlorinated naphthalenes
dyes
€poxy resins
solvents

Cable Workers
See Cable Splicers

Candle Makers
ammonium salts
borax
boric acid
chlorine
chromates
hydrochloric acid
potassium nitrate
sodium hydroxide
stearic acid
waxes

Candy Makers
chocolate
citric acid
dyes - food
essential oils (flavors)
fruits
pineapple juice
spices
sugar
tartaric acid

Canners
bacteria
citrus oil
dyes
enzymes
fruit acids & sugars
fungi
moisture
parasites
resins
salt
vegetable juices

DERMATOSES

Carpenters
See Cabinet Makers

Carpet Makers
alizarine dye
aniline dyes
anthrax bacillus
bleaches
chlorine
fungicides
glues
insecticides
jute
loom oils
solvents

Carroters - Felt Hat
acids
anthrax bacillus
quinones

Case Hardeners
heat
oils (quench)
sodium carbonate
sodium cyanide
sodium dichromate
sodium nitrite

Celiulose Workers
acids
alkalis
bleaches
carbon disulfide
finishing oils

Cement Workers
cement
chromates
cobalt
epoxy resins
lime
moisture
pitch
resins

Chemical Workers
See Section VII
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Chrome Platers
chromium compounds
degreasers (solvents)
metal cleaners (alkali)
sulfuric acid

Clerks
adhesives
carbon paper
copy paper
duplicating fluids
duplicating materials
indelible pencils
ink removers
inks
rubber
solvents
type cleaner
typewriter ribbons

Cloth Preparers
acids
alkalis
amino resins
detergents, synthetic
dyes
flame retardants
formaldehydc
fungicides
moisture
potassium salts
soaps
sodium metasilicate
sodium salts
sodium silicate

Coal Tar Workers
anthracene oil
benzol
coal tar -
creosote
cresol
naphtha
pitch
solvents
sunlight

Compositors
alkalis

inks
solvents

Construction Workers
adhesives, resin
cement
concrete
cold
creosote
gasoline
glass fiber
oils
paints
pitch
poisonous plants
sealers
solvents
sunlight
ultraviolet light
wood preservatives
woods

Cooks
fruit acids
hcat
moisture
monilia
spices
sugars
vegetable juices

Cotton Sizers
acids
aluminum salts
arsenic salts
calcium salts

dicyandiamide formaldehyde

fungicides
magnesium salts

melamine formaldehyde

sodivm hydroxide
starch

urea formaldehyde
zinc chloride

Dairy Workers
antibiotics
bacteria



Dairy Workers (cont'd)
deodorants
detergents
fungi
mites
viruses

Degreasers
alkalis
chlorinated hydrocarbon
solvents
petroleum solvents
ultrasonic devices

Dentists
anesthetics, local
antibiotics
bacteria
disinfectants
eugenol
ionizing radiation

mercury & metallic amalgams

oil of clove
resins
soaps
waxes

Dishwashers
bacteria
detergents, synthetic
grease
moisture
monilia
soaps
water softeners

Disinfectant Makers
carbolic acid
chloride of lime
chlorinated phenols
chlorine
cresol
formaldehyde
iodine
mercurials
quarternary ammonium

compounds
surfactants
zinc chloride

DERMATOSES

Dock Workers
bacteria
castor bean pomace
chemicals
cold
fumigants
fungi
grains
heat
insecticides
insects
irritating cargoes
mites
moisture
petroleum
sunlight
tar

Druggists
acids
alkalis
antibiotics
bleaching powder
detergents, synthetic
drugs
todoform
soaps
sugar

Dry Cleaners
acetic acid
ammonia
amyl acetate
benzine
carbon tetrachloride
dusts
methanol
nitrobenzene
perchloroethylene
sizing chemicals
Stoddard solvent
trichloroethylene
turpentine
waterproofing chemicals

Dye Makers
acids
alkalis
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Dye Makers (cont’d)
antimony compounds
benzine
calcium salts
coal tar products
cresol
dextrins
dye intermediates
ferrocyanides
formaldehyde
gums
hydroquinone
Iead salts
potassium chlorate

Dyers
acids
alkalis
bleaches
detergents, synthetic
dyes
mercurial salts
moisture
solvents
zinc chloride

Electric Apparatus Makers

acids

asbestos

chlorinated diphenyls
chlorinated naphthalenes
enamels

€poxy resins

ionizing radiation
phenolic resins

pitch

rubber

solder fluxes

solvents

synthetic waxes
varnishes

Electricians
chlorinated diphenyls
chlorinated naphthalenes
electricity
€poXy resins

solder fluxes
solvents
waxes, synthetic

Electroplaters

acids

alkalis

benzine

chromic acid

heat

lime

moisture

nickel

potassium cyanide
soaps

waxes, chlorinated
zinc chloride

zinc cyanide

Embalmers

bacteria
formaldehyde
fungi

ionizing radiation
mercury

oil of cinnamon
oil of clove
phenol

thymol

zinc chloride

Enamelers

acids
alkalis
antimony
arsenic
chromium
cobalt
nickel

Engravers

acids

alkalis

chromic acid
ferric chloride
potassium cyanide
solvents

tropical woods



Etchers

acids
alkalis

Explosive Workers

ammonium salts
mercury compounds
nitroglycerin

PETN

picric acid

tetryl

TNT

Farmers

antibiotics

bacteria

cold

detergents, synthetic
disinfectants

feeds

fertilizers

fruits

fungi

fungicides

heat

lubricants

oils

paints

parasites

pesticides

poison ivy, oak, sumac
ragweed

solvents

sunlight

tar

vegetables

wood preservatives

Felt Hat Makers

acids

bacteria

dyes

Glauber’s salt

hydrogen peroxide
mercuric nitrate (if used)
sodium carbonate

DERMATOSES

Fertilizer Makers
acids
ammonium compounds
calcium cyanamide
castor bean pomace
fluorides
lime
manure
nitrates
pesticides
phosphates
potassium salts

Fish Dressers
bacteria
brine
cold
moisture
redfeed
sunlight
trauma

Florists
bactcria
bulbs
fertilizers
fungi
herbicides
parasites
poisonous plants

Flour Mill Workers
chemical bleaches
dusts
parasites
pesticides

Food Preservers
bleaches
brine
ionizing radiation
moisture
monilia
resins
spices
sugar
vinegar
waxes
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Foundry Workers

acids

heat

lime

resin binder systems
solvents

ultraviolet light

Fur Processors

acids
alkalis
alum
bacteria
bleaches
chromates
dyes
formaldehyde
fungi

lime

oils

salt

Furnace Workers

heat
ultraviolet light

Furniture Polishers

acids

alkalis
benzine
essential oils in polish
methyl alcohol
naphtha
pyridine

rosin

soaps

solvents

stains
turpentine
waxes

Galvanizers

acids
alkalis
zinc chloride

Garage Workers

air guns (grease)

antifreeze
detergents, synthetic
epoxy resins
gasoline

gasoline additives
glass fiber
greases

moisture

oils

paint removers
paints

solvents

Gardeners

bacteria
fertilizers
fungi
fungicides
herbicides
insecticides
insects
plants
poison ivy
poison oak
sunlight

Glass Workers

arsenic

borax

boric acid

glass fiber

glass wool

heat
hyrdofluoric acid
lead compounds
lime

metallic oxides
petroleum oils
resins

soda ash
ultraviolet light

Hairdressers

See Barbers

Highway Workers

See Road Workers



Histology Technicians
alcohol
aniline
benzol
€poxXy resins
formaldehyde
mercury bichloride
osmium tetroxide
potassium dichromate
stains
toluene
waxes
xylene

Ink Makers
anti-skinning agents
(antioxidants)
chrome pigments

cobalt compounds (driers)

detergents, synthetic
dyes

mercurial pigments
resins

soaps

solvents

turpentine

varnishes

Insecticide Makers
aldrin
allethrin
arsenic trioxide
calcium arsenate
chlordane
DDT
dieldrin
lindane
malathion
methoxychlor
parathion
piperonyl compounds
pyrethrin
strobane

See also Pesticides section

Janitors
bacteria
detergents, synthetic

DERMATOSES

disinfectants

house plants

polishes (essential oils)
soaps

solvents

waxes

Jewelers

acids

adhesives, resin
chromium
cyanides
mercury
mercury solvents
nickel

rouge

solder flux

Laboratory Workers, Chemical

acids

alkalis

chromates
detergents, synthetic
moisture

organic chemicals
soaps

solvents

Laundry Workers

alkalis

bactericides
bleaches

chemical dusts
detergents, synthetic
enzymes

fiber glass
fungicides

heat

moisture

optical brighteners
soaps :

Linoleum Makers

asphalt
dyes

oils
pigments
resins
solvents
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Longshoremen
See Dock Workers

Machinists
antioxidants
aqueous cutting fluids,

synthetic

chlorinated cutting oils
chromates
germicides
greases
insoluble cutting oils
lubricants
rust inhibitors
soluble cutting fluids
solvents

Masons
See Brick Masons

Match Factory Workers
ammonium phosphate
chromates
dextrins
dyes
formaldehyde
glues
gums
phosphorus sesquisulfide
potassium chlorate
red phosphorus
waxes

Meat Packers
See Butchers

Mechanics
See Aircraft Workers,
Automobile Workers, &
Garage Workers

Mercerizers
acids
alkalis
heat
moisture

Metal Polishers
abrasives

acids

alkalis
ammonia
naphtha

pine oil
potassium cyanide
soaps

soluble oils
solvents
triethanolamine
waxes

wood (pine)

Mirror Makers
acids
ammonia
cyanides
formaldehyde
lacquers
silver nitrate
solvents
tartaric acid
varnishes

Mordanters
acids
alkalis
aluminum salts
antimony compounds
arsenates
chromates
copper salts
iron salts
lead salts
phosphates
silicates
tin salts
zinc chloride

Nickel Platers
acids
alkalis
degreasers
detergents, synthetic
heat
moisture
nickel sulfate
zinc chloride



Nitroglycerin Makers

ethylene glycol dinitrate

nitric acid
nitroglycerin
sodium carbonate
sulfuric acid

Nurses
anesthetics, local
antibiotics
antiseptics
bacteria
detergents, synthetic
disinfectants
drugs
ethylene oxide
fungi
ionizing radiation
moisture
rubber gloves
soaps
tranquilizers
viruses

Oil Field Workers
acids
alkalis
brine
crude petroleum
explosives
ionizing radiation
lubricating oils
sunlight

Optical Workers
alkalis
grinding fluids
oils
turpentine

Packinghouse Workers
antibiotics
bacteria
bone fragments
brine
cold
detergents, synthetic

enzymes

DERMATOSES

fungi
parasites
spices

Paint Makers

anti-mildew agents
chromates

coal tar distillates
driers

fish oils

latex

oil, vegetable
petroleum solvents
pigments
plasticizers

resins

thinners
turpentine

zinc chloride

Painters

acetone

acids

alkalis
benzine
chlorinated hydrocarbons
chromates
driers

paint strippers
paints, oil base
paints, resin
pigments
solvents
thinners
turpentine

Paper Box Makers

anti-flame agents
dyes

glues, natural & resin
mildew proofers
waxes

Paraffin Workers

paraffin
paraffin distillates
solvents
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Pencil Makers

aniline dyes
chromium pigments
glues

gums

lacquer

lacquer thinners
methyl violet
pyridine

red cedar wood
resins

solvents

waxes

Petroleum Refinery Workers

acids

alkalis

aluminum chloride
gas oil

gasoline
hydrofluoric acid
kerosene

paraffin

paraffin distillates
petroleum
petroleum solvents
tar

waxes

Photoengravers

ammonium bichromate
etching acids

inks

photo developers
solvents

ultraviolet light

Photographers

acids

alkalis

chromates

hydroquinone

methyl para-aminophenol
sulfate

para-aminophenol

paraformaldehyde

paraphenylenediamines

pyrogallic acid

sodium hypochlorite
sodium sulfide
turpentine

Physicians
adhesives
anesthetics, local
antibiotics
antiseptics
bacteria
detergents, synthetic
drugs
fungi
ionizing radiation
soaps
tranquilizers
viruses

Pipeline Layers
burns
fluxes, welding
ionizing radiation
parasites
poisonous plants
solvents
sunlight
tar
ultraviolet, welding

Pitch Workers
heat
pitch
solvents
sunlight
tar

Plasterers
lime
moisture

Plastics and Resin Makers
See Section VII

Plumbers
adhesives
caulking compound
cold



Plumbers (cont'd)

fluxes, solder
hydrochloric acid
parasites

solvents

tar

zinc chloride

Printers

alkalis
aniline
chromates
glues

gums

inks

roller wash
solvents

Railroad Shop Workers

alkalis

antiseptics

chlorinated hydrocarbons
chromate (antioxidants)
cutting fluids

detergents, synthetic
diesel fuel oil

greases

insecticides

lacquers

lubes

Magnafiux (fluorescein)
paint

paint strippers

paint thinners

solvents

ultraviolet light

Railroad Track Workers

cold

creosote
fungicides

heat

herbicides

pitch

poisonous plants
sunlight

tar

DERMATOSES

Rayon Workers

acetic anhydride
acids

alkalis
ammonium sulfide
bleaches
calcium bisulfite
carbon disulfide
coning oils
sodium cyanide
sodium sulfide
sodium sulfite
solvents

Refrigeration Workers

ammonia

brine
chromates

cold

dry ice

ethyl bromide
ethyl chloride
glass fiber
methyl chloride
sulfur dioxide

Road Workers

asphalt
cement

cold
concrete
€poxy resins
herbicides
paint
parasites
pitch
poisonous plants
sunlight

tar

Rocket Fuel Handlers

aniline

boron hydrides
chlorine trifluoride
dimethylhydrazine
ethyl oxide
fuming nitric acid
gasoline
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Rocket Fuel Handlers (cont'd)

hydrazine
hydrogen fluoride
hydrogen peroxide
kerosene

liquid oxygen

Rope Makers
alkalis
bleaches
dusts
dyes
oils
pitch
soaps
tar

Rubber Workers
accelerators
acids
activators
adhesive removers
alkalis
antimony
antioxidants
benzol
chloroprene dimers
chromium pigments
formaldehyde
heat
oils
plasticizers
resins
retarders
soaps
solvents
tar
turpentine
zinc chloride

Shipyard Workers
burns (welding)
chlorinated diphenyls
chlorinated naphthalenes
chromates
cold
fungicides

glass fiber

paint removers
paint thinners
paints

resins

solvents

tar

ultraviolet light
wood preservatives

Shoemakers (Manufacturers)

adhesives
ammonia
amyl acetate
amyl alcohol
aniline dyes
benzine
benzol
fungicides
hexane
naphtha
resins
rubbers

shoe polishes
tanning agents
waxes

Slaughterhouse Workers

See Packinghouse Workers

Soap Makers
alkalis
bacteriostats
detergents, synthetic
oils, vegetable
perfumes

Solderers
acids
cyanides
fluxes
heat
hydrazine salts
rosin
zinc chloride

Stevedores
See Dock Workers



Stockyard Workers
bacteria
fungi
insecticides
parasites

Stone Workers
cement
cold
dusts
heat
lime
vibrating tools

Sugar Refiners
acids
burlap
fungi
heat
jute
lime
sugar

Tannery Workers
acetic acid
alum
ammonium chloride
arsenic salts
bacteria
benzol
brine
calcium hydrosulfide
chromium compounds
dimethylamine
dyes, mineral
dyes, vegetable
formaldehyde
lime
oils
pancreatic extract
sodium hydroxide
sodium sulfide
solvents
sulfuric acid
tannin

Tar Workers
heat

DERMATOSES

pitch
solvents
sunlight
tar

Taxidermists
anthrax bacillus
arsenic salts
bacteria
calcined alum
fungi
mercuric chloride
parasites
solvents
tannin
zinc chloride

Temperers
oils
sodium carbonate
sodium cyanide
sodieum dichromate
sodium nitrite

Tinners
paint
pitch
sunlight
zinc chloride

Typists
See Clerks

Undertakers
See Embalmers

Upholsterers
bacteria
flame retardants
fungi
glues
lacquer
lacquer solvents
methyl alcohol
parasites

Veterinarians
anesthetics, local
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Veterinarians (cont’d) Wire Drawers
antibiotics alkalis
bacteria drawing oils
deodorants lime
drugs soaps
fungi sulfuric acid
mercuric chloride
parasites Wood Preservers
pesticides chlorophenols
soaps & detergents chromates
viruses copper compounds
creosote
Watchmakers cresols
acids mercuric chloride
chromates phenylmercuric compounds
metal polishes resins
nickel tar
potassium cyanide zinc chloride
rouge zinc sulfate
solvents
Wood Workers
Waterproofers acid bleaches

aluminum sulfate

amino resin glues

melamine formaldehyde resins epoxy glues
oils fillers
paraffin formaldehyde
pitch lacquers
resin paints oil stains
rubber paints
solvents phenolic resin glues
tar rosin
waxes solvents
varnishes
Welders woods
fluxes See also Cabinet Makers
heat
ultraviolet light
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Figure 5. Coal worker’s pneumoconiosis — Gough section.
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DISEASES OF THE ATIRWAYS
AND LUNGS

W. Keith C. Morgan, M.D., and N. LeRoy Lapp, M.D.
AIRWAYS MECHANISMS AND RESPONSES

Gas exchange takes place in the acini of the lung parenchyma; that
is, in those portions of the lung from the first order of respiratory bron-
chioles down to the alveoli. These respiratory bronchioles originate from
the terminal bronchioles which are the smallest airways not concerned
with gas exchange. Before inspired air can participate in gas exchange
it must travel through a series of conducting tubes (the bronchial tree)
until it finally reaches the first order respiratory bronchioles. The con-
ducting system of airways does not participate in gas exchange and is,
therefore, often known as the dead space. Inhaled particles may be de-
posited either in the lung parenchyma (the respiratory bronchioles,
atrial sacs, and alveoli) or in the dead space. Some of the inhaled par-
ticulates are breathed in and out of the respiratory tract without deposi-
tion.

The site of deposition of an individual particle is governed by three
factors: first, the aerodynamic properties of the particle, viz. the size,
shape, speed, and density; secondly, the circumference and shape of the
airway; and thirdly, the breathing pattern, Particles between 0.5 and
5 microns in diameter tend to be deposited in the alveoli and respiratory
bronchioles and may, under certain conditions, cause a group of diseases
known as the pneumoconioses to develop. Larger particles are in the
main deposited in the conducting system of the lungs. The effect of an
inhaled dust is, therefore, dependent partly on its site of deposition and
partly on its toxic and antigenic properties. See Figure 5.

AIRWAYS RESISTANCE

Before considering the various occupational insults that may be in-
flicted upon the conducting system of the lung, certain basic anatomical
and physiological considerations should be borne in mind. The resistance
to air flow in the human airways can be partitioned into central and
peripheral components (1). The central component comprises the re-
sistance that is located in the upper airways, trachea, and main and seg-
mental bronchi down to the airways that have diameters 2 mm or
greater. The distal component is located in those airways whose diameter
is less than 2 mm, including the gas exchanging units of the lung. Mack-
lem and Mead have demonstrated that, of the total airways resistance,
no less than 80 to 90 percent is located in the larger airways and only
around 10 percent resides in the smaller airways (1). Thus, changes in
the resistance to flow in the smaller airways have little influence on total
airways resistance. Similarly, those indices of ventilatory capacity that
are derived from the forced expiratory volume maneuver are little af-
fected by an increase in the resistance of the small airways because these
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indices for the main part reflect changes in the larger airways during
dynamic compression.

Although some of the smaller air passages of the respiratory con-
ducting system, e.g., the terminal bronchioles, are included in the peri-
pheral airways, the remainder of the conducting system is comprised of
the central airways. The respiratory symptoms and respiratory impair-
ment that are associated with the deposition of particles in the larger
airways are both more obvious and more easily demonstrated than are
those associated with particulate deposition in the smaller airways (2).

RESPONSES TO DUST DEPOSITION

The deposition of inhaled dust in the central airways of the lung
may induce one or more of the following four basic responses:

1. Immunologically induced airways constriction. This includes
both Type I and Type II Reactions (3) and is best termed
occupational asthma.

Pharmacologically induced airways constriction.

Acute irritation and reflex broncho-constriction.

Non-specific response to dust, viz. chronic bronchitis. This type
of response is not related to the toxic properties of the dust or
to its propensity to generate an immunologic reaction. Each of
these responses are dealt with in turn.

Ll ol

IMMUNOLOGICALLY INDUCED (Asthma)

Bronchial constriction or occupational asthma may be induced by
either a Type I or Type 11l immunological reaction (3). Type I reac-
tions are immediate and are mediated by a specific immunoglobulin IgE.
The concentration of IgE in the blood may be increased in subjects with
extrinsic asthma. When a susceptible subject, viz. an atopic individual,
is exposed to an antigen,there is an increase in the IgE specific to that
antigen. The specific IgE binds to the mast cells present in the bronchial
wall and as a result histamine and a slow reacting substance (SRS-A)
are liberated. - The Type Il responses, which are related to the Arthus
phenomenon and are associated with the presence of precipitins in the
blood, occur several hours after the challenge. They are due to immuno-
globulin, IgG.

Individuals with occupational asthma complain of wheeziness and
shortness of breath. Initially, these symptoms occur only while the in-
dividual is at work, but later they may persist at home and on weckends.
Workers who are atopic are more prone to develop occupational asthma
and may do so with a relatively short exposure. Nevertheless, normal
individuals may be affected although their symptoms often do not ap-
pear for several years; that is, until they have become sensitized. Rhi-
nitis and conjunctivitis are common accompaniments of occupational
asthma.

The diagnosis is made from the occupational and medical history
and, if necessary, by appropriate challenge tests. When the subject is
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exposed to the appropriate antigen, a decline in ventilatory capacity is
usually induced. If it is a Type I reaction, the reduction in forced ex-
piratory volume in 1 second (FEV,) and in forced vital capacity (FVC)
is usually evident within 10 to 15 minutes. If it is a Type III response,
the decline is often delayed for 3 to 4 hours. Skin testing for immediate
flare and wheal response is useful, however, cutaneous and bronchial
responses do not necessarily correlate well with each other.

Potential exposure resulting in occupational asthma is commonly
found in the following occupations: (4-17)

Grain and cereal workers, including bakers.

Woodworkers including carpenters, joiners, and sawmill operators.
Western red cedar, mahogany, oak, and iroko have all been incriminated
as potent sensitizing agents,

Printing. In this case gum arabic is responsible for the sensitization.

Manufacturers of detergent enzymes, These enzymes are manu-
factured from the products produced by fermentation of Bacillus subtilis.
The enzyme responsible is also known as alcalase.

Soldering. This is usually due to the flux which contains amino-
ethylethanolamine.

Isocyanate workers. Isocyanates are used to manufacture polyure-
thane foams. Two compounds have been incriminated as causes of oc-
cupational asthma. These are toluene diisocyanate (TDI) and diiso-
cyanatodiphenyl methane (MDI).

Electroplaters, photographers, and persons exposed to platinum.

Less commonly, asthma may be associated with occupational ex-
posures to the following: nickel, chromium, the Mexican bean weevil,
locusts, silkworms, coffee, castor beans, and tungsten carbide.

PHARMACOLOGICALLY INDUCED (Byssinosis)

Airways constriction may be induced by the deposition of certain
dusts in the airways in the absencc of an immunological reaction (18).
Thus, when certain dusts settle on the bronchial walls, the liberation of
naturally occurring broncho-constrictors such as histamine and possibly
serotonin may take place. Since this does not involve any immunological
mechanism, the liberation of such substances can be said to be a phar-
macological response to an extrinsic agent.

Although there is still some doubt, the broncho-constriction seen in
byssinosis may be of this type. There is good evidence to suggest that the
cotton bract contains an agent which, when it comes into contact with
the bronchial mucosa, leads to the liberation of excess histamine, Bys-
sinosis is seen in cotton, hemp, and flax workers and a similar condition
possibly occurs in workers who are exposed to sisal.

The usual history of byssinosis is that the worker develops chest
tightness and wheezing on return to the mill on a Monday moming. In
the early course of the disease the symptoms disappear by Tuesday or
Wednesday. However, with continued exposure, the tightness and short-
ness of breath begin to persist for longer periods until it is present all
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the time. In established long standing byssinosis, the worker ends up
continually short of breath and with over-distended lungs. The diagnosis
is established by measuring the patient’s ventilatory capacity before he
starts work on Monday and again after he has finished.

IRRITANTS

If the bronchi are insulted by irritant gases or fumes, they constrict
in a reflex fashion (19). Such constriction is usually accompanied by
coughing, and both the coughing and bronchial constriction are mediated
through vagal reflexes. Irritant gases such as chlorine, ammonia, ozone,
sulfur dioxide, and the oxides of nitrogen may all produce an acute
tracheitis and bronchitis which are associated with reflex broncho-con-
striction and coughing. With large and prolonged exposures, the lung
parenchyma may also be affected. The solubility of the inhaled gas will
determine whether there is a predominant proximal or distal involvement
of the airways.

Aside from the above gases to which workers may be exposed as
a result of industrial mishaps, certain occupational groups may be rou-
tinely exposed to other noxious fumes and aerosols in their working
environment. These include: beryllium, boron hydrides (volatile), cad-
mium, chromium compounds (hexavalent), hydrofluoric acid, zinc chlor-
ide, manganese, mercury, osmium, and vanadium pentoxide.

DUST

Prolonged exposure to dust may lead to industrial bronchitis (20).
The heavier the dust exposure, the more likely is the development of
industrial bronchitis. The characteristic features of this condition are
cough and sputum in the absence of localized destructive disease of the
lungs.

The symptoms of industrial bronchitis differ in no way from those
seen in chronic bronchitis due to cigarette smoking, Both conditions are
characterized by production of excess mucus. The mucus is secreted by
the goblet cells and more particularly the mucus glands of the bronchial
tree. Airways obstruction is seen less often in industrial bronchitis than
it is in the naturally occurring form of chronic bronchitis due to cig-
arette smoking.

Coal miners and stecl workers are particularly prone to this form
of airways disease. The symptoms tend to regress when dust exposure
is reduced.

REFERENCES

1. Macklem, P. T.,, and J. Mecad. 1967. Resistance of central and peripheral
airways measured by a retrograde catheter, J. Appl. Physiol. 22:395.

2. Small particles in small airways, Editorial. 1973. Lancet 2:948.

3. Pepys, J. 1969. Monographs in Allergy: Hypersensitivity diseases of the lungs
due to fungi and organic dusts. Vol. 4. S, Karger, Basel and New York.

4. Duke, W, W. 1935. Wheat hairs and dust as a common cause of asthma
among workers in wheat flour mills. J. Am. Med. Assoc, 105:957.



AIRWAYS 107

5. Lunn, J. A. 1966. Millworkers' asthma, allergic responses to the grain weevil.
Br. J. Ind. Med. 23:149.

Lunn, J. A, and D. T. D. Hughes. 1967. Pulmonary hypersensitivity to the
grain weevil. Br. J. Ind. Med. 24:158.

Sossman, A. J., D. P. Schlueter, J. N, Fink, and J. J. Barboriak. 1969. Hy-
persensitivity to wood dust. N. Eng. J. Med. 281:977.

Gandevia, B., and J. Milne. 1970. Occupational asthma and rhinitis due to
western red cedar. Br. J. Ind. Med. 27:235.

Greenberg, M. 1972. Respiratory symptoms following brief exposure to cedar
of lebanon dust. Clin. Allergy 2:219,.

10. Bohner, C. B,, and J. M. Sheldon. 1941. Sensitivity to gum acacia, with a
report of ten cases of asthma in printers. J. Allergy 12:290.

11. Pepys, J., F. E. Hargreave, J. L. Longbottom, and J. Faux, 1969, Allergic
reactions of the lungs to enzymes of Bacillus subtilis. Lancet 1:118.

12. McCann, J. K, 1964. Health hazard from flux used in joining aluminum
electricity cables. Ann. Occup. Hyg. 7:261,

13. McKerrow, C. B, H. J. Davies, and A. P. Jones. 1970. Symptoms and lung
function following acute and chronic exposure to tolylene di-isocyanate. Proc.
Soc. Med. 63:376.

14. Roberts, A. E. 1951, Platinosis. A five-year study of soluble platinum salts
on employees in a platinum laboratory and refinery. Arch. Ind. Hyg. Occup.
Med. 4:549.

15. Wittich, F. W. 1940. Allergic rhinitis and asthma due to sensitization to the
Mexican bean weevil. J. Allergy 12:42.

16. McConnell, L. H., J. N. Fink, D. P. Schlueter, and M. G. Schmidt, Jr. 1973.
Asthma causer by nickel sensitivity. Ann. Intern. Med. 78:888.

17. Morgan, W.K.C., and Seaton, A. 1975. Occupational Lung Disease. Chapters
6 and 12. W. B. Saunders Co., Philadelphia.

18. Schilling, R. S. F. 1956. Byssinosis in cotton and other textile workers. Lan-
cet 2:261 and 319.

19. Bidstrup, P. L. 1972. Clinical Aspects of Inhaled Particles, Chap. 8. F. A.
Davis Co., Philadelphia, p. 156.

20. Kibelstis, J. A., E. J. Morgan, R. Reger, N. L. Lapp, A. Seaton, and W, K.
C. Morgan. 1973, Prevalence of bronchitis and airway obstruction in Amer-
ican bituminous coal miners. Amer. Rev, Respir. Dis. 108:886.

EXTRINSIC ALLERGIC ALVEOLITIDES

The inhalation of organic dusts may lead to two distinct pulmonary
responses. First, and more common, is that mediated by reaginic anti-
body and usually referred to as the Type 1. It occurs most commonly
in atopic subjects and is characterized by changes in the airflow resis-
tance in the conducting system of the lungs. This type of response has
been described in the preceding discussion of diseases of the airways.
The second and less common type of reaction affects the lung paren-
chyma, viz., the respiratory bronchioles and alveoli and does not ap-
pear to be related to atopy. Pepys coined the term extrinsic allergic
alveolitis (hypersensitivity pneumonitides) to describe this response (1),
which is also known as hypersensitivity pneumonitis.

CAUSATION

Although a large number of organic dusts have been identified as
causes of extrinsic alveolitis, the pathophysiological effects are similar
no matter which dust is responsible. The demonstration of specific pre-
cipitins in the serum of subjects affected by allergic alveolitis led Pepys
to hypothesize that the basic mechanism in extrinsic allergic alveolitis is
an Arthus or Type III reaction (1). Since most of the antigenic dusts
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that produce extrinsic allergic alveolitis are organic, and since the serum
of afflicted subjects often contain specific precipitins, there is an obvious
resemblance to serum sickness. In the latter condition, the antigen is
introduced into the body by injection, while in contrast, in extrinsic
allergic alveolitis the antigen is inhaled.

Although not everybody who is repeatedly exposed to the antigen
develops extrinsic allergic alveolitis, a small percentage does, Similarly,
while there is good evidence that a substantial proportion of the sub-
jects who are exposed to the antigen develop antibodies, the presence of
antibodies alone is not necessarily an indication that the patient has or
is likely to suffer from hypersensitivity allergic pneumonitis. Most sub-
jects who develop allergic pneumonitis do so as a consequence of occu-
pational exposure, but in some instances the person’s avocation is more
likely to be responsible.

The main differences between Type I and Type III pulmonary re-
sponses are shown in Table 1. It is important to add that since Pepys
first called attention to the syndrome of extrinsic allergic alveolitis, its
recognized causes have doubled or tripled (2).

CLINICAL FEATURES

Whatever the antigen, the clinical features of the condition are rela-
tively similar. The acute form of the disease is more easily recognized
and usually presents the symptoms of a sudden onset of fever, chills,
shortness of breath, and a dry cough which appear between 4 to 8 hours
following exposure. The patient may be severely distressed and on phys-
ical examination shows the presence of cyanosis, marked tachypnea, of-
ten of around 35 to 40 per minute, and diffusely scattered crepitations
at both lung bases.

During the acute phase, pulmonary function tests show desaturated
blood, reduced arterial PCO,, and a mild to moderate respiratory alka-
losis. The lung volumes are greatly reduced, especially the vital capacity;
however, there is no evidence of increased resistance to flow in the air-
ways.

Measurements of the mechanical properties of the lungs indicate
that the lungs are stiffer than normal and that their compliance is greatly
reduced. The radiographic appearances are those of a diffuse acinous
filling process predominantly affecting the mid and lower zones. The
appearances in an air bronchogram are somewhat suggestive of pulmo-
nary edema; however, there is no cardiac enlargement. Symptoms and
signs gradually regress over a period of a week to ten days.

Besides the acute form of hypersensitivity pneumonitis, a more
chronic form exists. This occurs with repeated lesser exposures, and
although on the first two or three occasions there may be mild fever and
chills, the continued lesser insults are not so obviously related to occu-
pational exposure. In the chronic form which appears over a period of
several months, the afflicted subject notices the onset of dyspnea, some-
times with occasional mild fever. This is usually accompanied by loss
of weight, and general lethargy.
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Table 1. Pulmonary response differences (2).
Extrinsic allergic asthma

Extrinsic allergic alveolitis

(Type I) (Type III)
Predisposing Atopy None known
factors
Region Conducting system of Acini, respiratory
affected the lungs: bronchi to bronchioles, and alveoli
terminal bronchioles
Histology Mucous plugging, Granulomatous
bronchial edema, and pneumonitis, occasionally
eosinophilic undergoing organization
infiltration and leading to
interstitial fibrosis,
Onset of Immediate 4 to 6 hours
symptoms
Systemic None Usual and accompanied
reaction by fever
Signs Wheezes (rhonchi) Crackles (crepitations)
Radiographic Overdistension Acinous filling pattern,
signs often coexisting with
some reticulonodulation
in more chronic forms
of the syndrome
Serological Elevated IgE Precipitins present
findings (90% of cases)
Pulmonary Increased air flow Restrictive pattern
tmpairment resistance
Eosinophilia Common Transient and uncommon
Skin tests Immediate and Edematous reaction

urticarial

appearing in 4 to 6 hours

Physical examination may reveal some cyanosis, clubbing may be
present, and there may be diffuse scattered crepitations in both lower
zones. The radiographic appearances are more suggestive of chronic
interstitial fibrosis than of extrinsic allergic alveolitis. Pulmonary func-
tion tests in the subacute and chronic forms of the syndrome show
restrictive disease with small lungs.

As the disease progresses, the lungs become smaller, the dyspnea
worsens, and the end result resembles fibrosing alveolitis. In the estab-
lished chronic case, the histological appearance cannot be distinguished
from that seen in chronic interstitial fibrosis of unknown etiology. Both
farmer’s lung and pituitary snuff allergic alveolitis have been known to
present a chronic interstitial fibrosis appearance.
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PREVENTION

Elimination of personal exposure to the antigen can prevent the
development or recurrence of the disease. This necessitates either en-
vironmental controls or personal protection. Environmental controls
may include the elimination of conditions conducive to bacterial and
fungal growth, process changes preventing the production of the antigen,
or ventilation and particulate controls that eliminate contact of the anti-
gen with the worker,

Personal protection can best be provided by the use of respirators
to prevent inhalation of the antigen. The appropriate respirator should
be selected on the basis of the characteristics of the dust or spores, the
situation involved, and individual acceptance. When protection is in-
adequate for an individual with the hypersensitivity, removal of that in-
dividual from the offending environment is indicated.

PATHOLOGY

In the acute phase of the disease, the histological appearances of
the lung show that the alveolo-capillary membrane is thickened, and
that there is histiocytic, lymphocytic, and plasma cell infiltration. There
may also be an edema-like fiuid present in the alveoli. Numerous epi-
thelioid tubercles may be seen but caseation necrosis is absent, and
tubercle bacilli and fungi are not seen. The one exception to this is that
occasionally in maple bark disease, Cryptostroma corticale spores may
be seen in the lung parenchyma. Even so, maple bark disease is not a
true fungal infection, but an allergy to the spores of this organism. The
general appearance of extrinsic allergic alveolitis is that of a granulo-
matous interstitial pneumonia, with the granulomata bearing a resem-
blance to those seen in sarcoidosis.

Early in the disease, there is often an increase in the number of
reticulin fibers but later on collagenous fibrosis predominates. A bron-
chiolitis affecting the respiratory bronchioles may also be present. Path-
ological changes found in chronic farmer’s lung and other extrinsic al-
lergic alveolitis are those of an interstitial fibrosis with collagenous thick-
ening of the septa and lymphocytic infiltration. The fibrosis is often
worse in the upper lobes and there may be frequent pigment laden
macrophages present in the alveoli. Later on the intima of the pulmo-
nary arteries is thickened and when this occurs pulmonary hypertension
supervenes. In the terminal stages, cystic areas with honeycombing may
be present in the lungs.

IMMUNOLOGY

The abrupt onset within three to four hours of exposure argues
against this syndrome being an infective process. In addition, inhalation
of aqueous extracts of mouldy hay will reproduce the clinical features of
farmer’s lung as will extracts of Micropolyspora faeni. The reaction
develops several hours after the challenge and is associated with a
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Table 2. Common clinical conditions (2).
Clinical condition Source of offending agent  Precipitins against
Farmer’s lung Mouldy hay Micropolyspora
faeni
Thermoactinomyces
vulgaris
Baggassosis Mouldy bagasse Thermoactinomyces
vulgaris
Mushroom worker’s Mushroom compost Micropolyspora
Iung faeni
Thermoactinomyces
vulgaris
Suberosis Cork dust Cork dust
Maple bark disease Maple bark Cryptostroma
corticale
Sequoiosis Redwood sawdust Graphium
Pullaria
Papuan lung Mouldy thatch dust Thatch of huts
(New Guinea lung)
Wood pulp worker’s Wood pulp Alternaria
disease
Malt worker’s lung Mouldy barley Aspergillus clavatus
Aspergillus fumigatus

Dog house disease

Bird fancier’s lung
(Pigeon breeder’s
lung)

Pituitary snuff taker’s
lung

Wheat weevil disease

Furrier’s lung

Coffee worker’s lung

Paprika splitter’s lung

Lycoperdonosis

Mouldy straw
Pigeon, parrot and
other bird
droppings
Bovine and porcine
pituitary snuff
Wheat flour
Animal hairs
Coffee bean
Paprika
Puffball

Lycoperdon
Pyriform

Aspergillus versicolor

Sera, protein, and
droppings

Pituitary antigens

Sitophilus granarius

Coffee bean dust

decline in ventilatory and diffusing capacities, In addition, there is a
rise in the temperature of the patient which is usually accompanied by

marked hyperventilation.

During the acute stage, precipitins are nearly always present in the
serum of the affected subject, but with convalescence the titer often drops
and may become negative if further exposure does not occur. Neverthe-
less, the presence of precipitins does not confirm the diagnosis of ex-
trinsic allergic alveolitis; neither does their absence exclude it.
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This syndrome is produced by a large number of different antigens,
of which some of the more common ones are shown in Table 2. If a
subject presents the clinical features of the syndrome, a detailed occu-
pational history should be taken to see whether an antigen of organic
nature in the patient’s working environment might be responsible. It is
also necessary, however, to stress that certain conditions develop as a
result of the patient’s avocation, e.g., pigeon fanciers’ disease, pituitary
snuff hypersensitivity pneumonitis, Therefore, if extrinsic allergic
alveolitis is suspected, the patient’s serum should be examined for pre-
cipitins against the offending antigens, and if present, the patient may
be challenged with the aerosolized antigen and his ventilatory capacity
or preferably his diffusing capacity assessed at intervals for four to eight
hours following the challenge. If either falls, then the diagnosis of ex-
trinsic allergic alveolitis can be made.
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PNEUMOCONIOSES

The word “pneumoconiosis” literally means dust in the lungs. Not
all dusts that can be deposited in the lungs cause recognizable disease,
so that the most widely accepted definition of pneumoconiosis is that of
the International Labour Organization which states that “Pneumoconiosis
is the accumulation of dust in the lungs and the tissue reaction to its
presence. For the purpose of this definition, ‘dust’ is meant to be an
aerosol composed of solid inanimate particles (1).”

DEPOSITION OF PARTICLES

Inhaled particles closely follow the movement of the air in which
they are suspended as they are carried into the lungs during the inspira-
tory phase of respiration. They are, however, acted upon by certain
forces which tend to promote their deposition within certain anatomic
regions of the lung (2). The first of these, gravitational sedimentation,
refers to the fact that the falling speed or terminal velocity of an air-
borne particle under the influence of gravity is proportional to its density
and the square of its diameter. Thus, larger and more dense particles
settle out more rapidly than smaller, less dense particles. This mecha-
nism is responsible for most of the deposition of particles during breath-
ing.

The second factor promoting deposition of particles in the lungs is
inertial impaction and refers to the fact that a particle tends to maintain
its original direction of travel despite a change in direction of the air-
stream in which it was suspended. This mechanism is largely responsible
for the deposition of particles in the nose and at bifurcations of the
lower airways.
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The third factor promoting deposition of particles in the lungs is
termed diffusion or, preferably, Brownian motion. All airborne particles
are moving at random owing to their constant bombardment by gas
molecules. In general, only the particles smaller than about 0.1 micron
in diameter acquire sufficient Brownian motion to become deposited as
a result of this mechanism alone.

Acrodynamic behavior refers to the mobility of particles regardless
of their apparent size and shape. Thus, a relatively large, loosely ag-
gregated clump of particles may behave aerodynamically in the same
fashion as a much smaller dense particle. A fiber nearly 100 microns
long but with a 3-micron diameter may behave in much the same fash-
ion as a spherical particle about 3 microns in diameter as regards its
ability to penetrate into the deeper regions of the lungs.

Other factors that appear to be important in determining the depo-
sition of airborne particles are the pattern of breathing; namely, nose
versus mouth breathing, and possibly individual variation in the filtra-
tion efficiency owing to differences in size and shape of the airways.

The International Commission on Radiological Protection has cal-
culated the probabilities for the regional deposition of aerosols as a func-
tion of particle size based upon certain breathing patterns (3). In gen-
eral, these curves show that the majority of particles larger than 15 mi-
crons will be deposited in the nose. However, as the particle size de-
creases to about 10 microns, an increasingly larger percentage will be
deposited in the tracheobronchial tree; between about 5 microns and
about 0.5 microns, the particles will be deposited in the alveoli and res-
piratory bronchioles. It is the deposition of particles of approximately
0.5 to 5 microns in the alveoli and respiratory bronchioles that gives
rise to the group of diseases known as the pneumoconioses,

CLEARANCE OF PARTICLES

The conducting airways down to the terminal bronchioles are lined
by a ciliated epithelium covered by a layer of mucus secreted by glands
located in their walls and by goblet cells interspersed at intervals in the
epithelium. The mucous layer is continuously propelled upward toward
the mouth by the motion of the tiny hair-like cilia. Particles deposited
in this layer are cleared usually within 24 hours to the oropharynx where
they are swallowed along with the mucus. Wide variations in bronchial
clearance are known to exist in man, but the reasons for these are not
entirely clear (4).

Particles that penetrate to and are deposited in the alveolar areas
of the lungs are cleared much more slowly than those deposited in the
conducting airways. Evidence indicates that the particles are engulfed
by alveolar macrophages and are somehow carried to the mucus esca-
lator system to be cleared. The rate of clearance of an alveolar dust load
probably depends to a large extent upon the availability of alveolar
macrophages (5). The rate of alveolar clearance is also in part deter-
mined by the relative biological toxicity of the dust particles to the al-
veolar macrophages and, in part, by the total amount of dust already



114 OCCUPATIONAL DISEASES

present within the lungs (2). Nonetheless, both bronchial and alveolar
clearance of dust particles are relatively efficient since abundant evidence
exists that only a small fraction of the total dust load deposited in the
lungs is retained in even the most advanced cases of pneumoconiosis.

PATHOLOGY

The different forms of pneumoconiosis are difficult to classify. One
useful classification is that of Nagelschmidt in which four types of reac-
tion appear to be distinguishable (6):

1. Hyaline-nodular fibrosis (classical silicosis)

2. Simple pneumoconiosis of coal miners

3. Mixed dust pneumoconiosis

4. Diffuse interstitial fibrosis

SILICOSIS

The characteristic lesion of silicosis is the silicotic nodule (7). In
its simplest form the silicotic nodule consists of a central core of hya-
linized reticulin fibers arranged in concentric layers which, towards the
periphery, blend with coarser fibers of collagen to form a relatively dis-
tinct capsule. Early in the course of silicosis these nodules occur ad-
jacent to, or in the walls of, the respiratory bronchioles. These nodules
are thought to be formed by the death of macrophages laden with fine
silica and the fibrosis resulting from the release of intracellular enzymes
along with the ingested particles. The silica particles are ingested by
new macrophages which are in turn killed, thereby releasing their potent
intracellular enzymes to promote further fibrosis and, thus, the process
becomes progressive (8).

The upper lobes and hilar lymph nodes are often more severely af-
fected than the lung bases. In early stages, the nodules may remain
isolated, but as the disease progresses the nodules crowd closer together
until they appear to form a continuous mass of fibrous tissue. However,
on close inspection, discreet nodules can usually be distinguished and
what appeared to be a diffuse fibrosis is in reality many compressed
nodules.

Silicosis not only favors the growth of tubercle bacilli, but may sup-

ress the usual features of epitheloid cell proliferation, giant cell forma-
tion, and lymphocytic reaction to the extent that caseous necrosis in the
center of a silicotic nodule may be the only indication of coexistent tu-
berculosis infection (9). Silicosis is also associated with pulmonary
hypertension and cor pulmonale, probably partially as a consequence of
damage by adjacent nodules to the walls of blood vessels which produces
mechanical obstruction, and partially as a result of abnormal blood gas
tensions leading to vasoconstriction.

COALWORKERS’' PNEUMOCONIOSIS

The characteristic lesion in coalworkers’ pneumoconiosis is the coal
macule which consists of an accumulation of dust-laden macrophages
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around respiratory bronchioles surrounded by a halo of dilated airspaces
(10). In addition to the accumulations of coal in the macule, there is
a slight increase in reticulin fibers and, to a lesser extent, collagen fibers.
The presence of coal macules around the walls of the respiratory bron-
chioles may lead to atrophy or even to disappearance of the smooth
muscle, this leading to a permanent dilatation of these small airways
commonly called focal emphysema.

In about 1 to 2 percent of miners with simple dust accumulation,
large, solid, black masses develop which represent accumulations of coal
dust within macrophages and between reticulin and collagen fibers. These
lesions are commonly formed in the upper lobes and differ from silicotic
conglomerate masses in that the masses are not composed of discrect
compressed nodules. The cause of the large lesions (“progressive massive
fibrosis™) in coal workers is not known. They are probably not due to
coexisting tuberculous infection, but may represent an immunological
reaction to the accumulated dust load. See Figure 5.

Caplan described the appearance of multiple rounded nodules in
the lungs of coal miners with rheumatoid arthritis that subsequently
proved to be necrobiotic nodules resembling those seen in rheumatoid
arthritis (11). Microscopically, these lesions demonstrate a pale, ne-
crotic center surrounded by granulomatous tissue having a typically
“palisaded” appearance at the periphery of the nodule. Typical Caplan
nodules have subsequently been reported in other occupations than coal
mining, suggesting that they are not specifically related to coal dust ex-
posure.

MIXED DUST PNEUMOCONIOSIS

In the mixed dust pneumoconioses the pathology depends to a large
extent upon the relative proportion of free silica or quartz present in the
airborne dust. Those with a quartz content of less than about 0.1 per-
cent tend to develop small nodular areas in the lungs in almost direct
proportion to the total amount of dust deposited, but little in the way
of reticulin or collagen fibrosis, and very little emphysema. The patho-
logical lesions more nearly resemble those found in coal miners.

On the other hand, dusts in which the quartz content ranges from
about 2 percent to about 18 or 20 percent of the total dust tend to pro-
duce lesions that more nearly resemble those seen in classical silicosis.

Some examples of dusts that contain almost no free quartz are ka-
olin, talc, iron oxide associated with welding, coal, and coke used in
making carbon electrodes.

'

DIFFUSE INTERSTITIAL FIBROSIS

There are a number of pneumoconioses that tend to produce diffuse
interstitial fibrosis as their characteristic pathological lesion (6). Among
these are berylliosis, aluminosis, Shaver’s disease, and asbestosis. It ap-
pears likely that certain slowly dissolving constituents in the dusts give
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rise to a peculiar disseminated interstitial fibrosis rather than to the focal
or nodular types seen in coal miners or silicosis. As a general rule, the
amount of dust found in the lungs in this type of pneumoconiosis is
small and the fibrotic reaction that occurs is out of proportion to the
amount of dust deposited.

RADIOGRAPHIC DIAGNOSIS

Unfortunately, the ability to diagnose the presence of pneumoconi-
osis during life is not as precise and clear-cut as the pathological re-
sponses described above. There are two general patterns of radiographic
response recognizable. Both classical silicosis and the mixed dust pneu-
moconioses, including that seen in coal workers, tend to produce nodular
opacitics or a combination of reticular-nodular opacities on the chest
roentgenogram. These are basically rounded shadows and are classified
by type, profusion, and extent under the ILO U/C Classification of the
pneumoconioses (12).

The pneumoconioses that produce the diffuse interstitial pathology
are generally manifested as reticular and linear opacities on the chest
roentgenograms. These likewise are generally classified by type, profu-
sion, and extent as irregular opacities under the ILO U/C Classification
of pneumoconiosis. Both rounded and irregular opacities may be pres-
ent as the background upon which complicated pneumoconiosis or pro-
gressive massive fibrosis develops.

CLASSIFICATION

The ILO U/C Classification is intended to provide a simple re-
producible means of systematically recording the radiographic changes
associated with the inhalation of all types of mineral dusts. It is likely
to be most useful in relating the radiographic features to indices of dust
exposure and changes in lung function, particularly in epidemiological
studies. It should also make possible comparison of data obtained in
studies from other countries.

The system basically classifies the radiographic features by small
(less than 1 ¢cm) and large (greater than 1 cm) opacities; thus, simple
pneumoconiosis is diagnosed when none of the opacitics exceed 1 cm
in diameter, and complicated pneumoconiosis is diagnosed when one or
more of the opacities exceed 1 cm in diameter. Within the small opacity
category, one recognizes the type, profusion, and extent of involvement
of the lungs by the opacities.

The simple pneumoconiosis is further subdivided into small rounded
opacities and small irregular opacities. The small rounded opacities are
classified into types p, q, 1, according to the approximate diameter of
the predominant opacities. The p type includes rounded opacities up to
about 1.5 mm in diameter; the q (m) type includes rounded opacities
exceeding about 1.5 mm up to about 3 mm in diameter; the ¢ (n) type
includes rounded opacities exceeding about 3 mm and up to about 10
mm in diameter,
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CATEGORY

Profusion refers to the number of small opacities per unit area.
Thus, the lung fields are divided into three zones on each side, and the
number of opacities within each zone is graded. Standard radiographs
are available for comparison which divide the profusion into categories
0, 1, 2, and 3. Category O refers to the absence of opacities or the pres-
ence of less profuse opacities than in category 1; category 1 shows small
rounded opacities present, but few in number, and the normal lung
markings are usually visible; category 2 shows numerous small rounded
opacities, and the normal lung markings are still visible; category 3 shows
very numerous small rounded opacities, and the normal lung markings
are partly or totally obscured.

Actually, there is a continuum of changes from normality to the most
advanced category and, to recognize this, the British National Coal Board
developed a 12-point scale (13). This scale permits subdivisions of
profusion into finer grades and is useful in epidemiological studies where
progression of pneumoconiosis is important. The radiograph is classified
into one of the four categories in the usual way by comparison with the
standard midcategory films. If, during the process, the category above
or below was considered as a serious alternative, this is also recorded.
Thus, if a category % is recorded, it means that on comparison with
standard radiographs the radiograph most nearly matched the category
1, but category 2 was seriously considered as an alternative.

The extent of pneumoconiosis is recorded by noting which of the
lung zones are involved. Each lung is divided into three roughly equal
zones by imaginary lines drawn at approximately one-third and two-
thirds of the vertical distance between the apex of the lung and the dome
of the diaphragm. Thus, each lung is divided into upper, middle, and
lower zones for the purposes of recording the extent of pneumoconiosis.

IRREGULAR OPACITIES

Small irregular opacities are classified in much the same way as
the small regular opacities, by type, profusion, and extent. Irregular
opacities characteristically occur in asbestosis, but also occasionally in
the other pneumoconioses. The variability, however, of these opacities
in shape and width makes it virtually impossible to provide quantitative
dimensions as is done in the rounded opacities; therefore, the types are
divided on the basis of thickness, The s type refers to fine irregular, or
linear, opacities; the t type refers to medium irregular opacities, and the
u type refers to coarse (blotchy) irregular opacities. Standard radio-
graphs of the three types of irregular opacities are available for com-
parison. Profusion of irregular opacities is graded in exactly the same
way as is done in the rounded small opacities.

PLEURAL CHANGES

Certain pleural changes have recently become recognized as ac-
companiments to the parenchymal changes referred to above as part of
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some pneumoconioses. Therefore, the ILO U/C Classification records
pleural thickening by site (costophrenic angles, chest wall, diaphragm),
width, and extent.

Pleural calcification is also classified by site and extent. When the
cardiac outline and diaphragm are ill-defined, this is also recorded. A
number of obligatory and optional symbols are also included in the
classification for the benefit of a more complete description of the radio-
graphic findings. The reader is referred to the complete ILO U/C Clas-
sification for details regarding these features which are beyond the scope
of this chapter (12).

PHYSIOLOGICAL RESPONSES

The lungs have relatively few ways of responding to the dust bur-
dens presented to them. Physiologically, two major patterns of response
can be identified: an obstructive impairment and a restrictive impair-
ment.

The obstructive pattern is characterized by a reduction in expira-
tory air flow, usually associated with either an increased airway resis-
tance or a loss of lung recoil, or both. Increased airway resistance most
commonly results from intrinsic narrowing of the airways owing to spasm
of the smooth muscle in the walls (such as occurs in asthma), or to
edema, inflammation, and mucus plugs (such as occurs in chronic bron-
chitis). These aspects have been more fully discussed in the chapter on
airways mechanisms and responses.

OBSTRUCTIVE IMPAIRMENT

The obstructive pattern of physiological impairment in the pneu-
moconioses is more likely the result of localized or diffuse abnormalities
in the lung recoil, owing to destructive changes in and around the small
airways (less than 2 mm diameter) caused by the dust deposits. In
simple pneumoconiosis these changes may be severe enough to cause
alterations in the distribution of the inspired air and minor degrees of
mismatching of ventilation and blood flow detectable only by using very
sensitive techniques. These physiological impairments could prove dis-
abling for heavy physical activities, but not for ordinary activities or at
rest.

Spirometric tests of ventilatory capacity are usually within normal
limits, or very nearly normal, in simple silicosis, simple coalworkers’
pneumoconiosis, and the simple mixed dust pneumoconioses, unless
asthma, chronic bronchitis, or emphysema, coexist. In the complicated
form of the pneumoconioses (PMF), ventilatory capacity as measured
by spirometry is often abnormal and consists of elements of both ob-
struction and restriction. Here, in addition to the loss of lung recoil
owing to focal emphysema, some of the obstructive impairment may be
attributable to distortion and kinking of airways by the large conglom-
erate masses. These large masses also generally interfere with gas ex-
change by reducing the surface area available for diffusion and the ob-
literation of the capillary bed.
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Table 3. Agent, pathology, and impairment associated with

pneumoconioses.
Type of Respiratory
Agent Type of Pathology Impairment
1. Silica
Simple Nodular fibrosis Restrictive, diffusion
Complicated Conglomerate nodular  Restrictive, obstructive,
fibrosis diffusion
2. Hematite Nodular fibrosis Restrictive, diffusion
3. Mixed dusts
Iron and silica  Nodular fibrosis Restrictive, diffusion
(Rarely conglomerate
nodular fibrosis)
4. Silicates Nodular fibrosis Restrictive, obstructive
Talc (Rarely conglomerate
nodular fibrosis)
Kaolin
Bentonite
Diatomite
Tripoli
Fuller’s earth
Mica
Sillimanite
Cement Nonspecific bronchitis  Obstructive
5. Coal
Simple Peribronchiolar macules, Obstructive (small
focal emphysema airways)
Complicated Conglomerate nodular  Obstructive, restrictive,
fibrosis diffusion
6. Graphite Peribronchiolar macules, Obstructive (small
focal emphysema airways)
7. Aluminum Interstitial fibrosis Restrictive, diffusion
8. Asbestos Interstitial fibrosis Restrictive, diffusion
9. Beryllium Interstitial fibrosis Restrictive, diffusion
(granulomata)
10. Tungsten carbide Interstitial fibrosis Restrictive, diffusion
11. Barium Simple dust None known
accumulation
12. Cerium Simple dust None known
accumulation
13. Iron Simple dust None known
accumulation
14. Tin Simple dust None known
accumulation
15. Titanium Simple dust None known

accumulation

119
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The simple forms of classical silicosis, coal workers’ pneumoconi-
osis, and the mixed dust pneumoconiosis, generally demonstrate mild
obstructive impairment; whereas, the complicated forms (PMF) usually
present mixtures of obstruction, restriction, and abnormalities of gas
exchange.

RESTRICTIVE IMPAIRMENT

The restrictive pattern of physiological response is characterized by
a reduction in lung volumes and ventilatory capacity, usually unaccom-
panied by an increased air flow resistance or hyperinflation. The re-
strictive pattern is also associated with an increased lung recoil, reduc-
tion in surface area for gas exchange and/or thickening of the air blood
interface of the lungs.

The pneumoconioses that lead to diffuse interstitial fibrosis usually
present the restrictive pattern of physiological impairment. In these, the
earliest impairment$ are those involving gas exchange and diffusing ca-
pacity, and may be detectable only during exercise., In the later stages,
gas exchange and diffusion abnormalities are detectable also at rest and
are associated with a reduction in lung volumes, such as the vital ca-
pacity, total lung capacity, and the inspiratory reserve volume. Again,
in cases where pneumoconiosis coexists with asthma or chronic bron-
chitis, this restrictive pattern may be associated with some element of
obstructive impairment.

Asbestosis, berylliosis, aluminosis, and Shaver’s disease are examples
of pneumoconioses that are characteristically associated with the restric-
tive pattern of physiological impairment.

A summary of agent and type of pathology and respiratory impair-
ment is given in Table 3.
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What is a weed? A plant whose virtues hove not been discovered.
— Ralph Waldo Emerson
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PLANT AND WOOD HAZARDS

Tracy E. Barber, M.D., and E. Lee Husting, Ph.D.

Both local and systemic manifestations occur from occupational
exposure to plants, plant products, and woods. Dermatitis is frequently
observed; other effects include asthma, hay fever, irritations, toxic ef-
fects, and allergenic responses.

PLANTS AND PLANT PRODUCTS

Dermatitis due to plants of the genus Rhus is the most frequently
seen allergic contact dermatitis in the United States. Plants in the genus
Rhus include poison ivy, poison oak, and poison sumac. The contact
dermatitis caused by these plants is identifiable by characteristic linear
and bullous lesions. At least one of the species of Rhus is found in
every part of the continental United States. Poison ivy occurs in every
state but California where it is poison oak that has been the main cause
of occupational skin disease. The oakleaf form of poison ivy and poison
sumac are found mainly in the south and east, from Texas to New Jer-
sey. Western poison oak occurs in Washington, Oregon, and California.

The genus Rhus belongs to the family Anacardiacae which includes
the cashew nut tree, the Japanese lac tree, the Indian marking nut tree,
and the mango. A phenolic liquid is extracted from cashew nut shells,
and this liquid, used to form resins for varnishes and brake shoe linings,
is an irritant as well as a sensitizing agent. The fruit of the mango may
cause contact dermatitis in Rhus-sensitive persons.

Dermatitis results from contact with the milky sap found in the
roots, stems, leaves, and fruit of Rhus plants. In a dry atmosphere, the
sap may retain its potency for months or perhaps years. The sap may
be transmitted on soot particles when the plant is burned, or may be
carried by animals, equipment, or apparel.

Allergic contact dermatitis may also be caused by the bastard fever-
few (a common southeastern weed), English ivy, and castor bean plants.
Allergic dermatitis may be caused by contact with certain flowers (such
as primrose, chrysanthemum, poinsettia) and bulbs of hyacinth, nar-
cissus, and tulips. The lipid fraction of ragweed pollen may cause ec-
zematous dermatitis, while a water-soluble fraction may cause asthma or
hay fever.

Contact dermatitis has occurred from handling fruits and vegetables,
including carrots, asparagus, and some citrus fruits, Fruit and vegetable
handlers may also suffer contact dermatitis due to insecticides and fungi-
cides. Indirect effects of handling fruit and vegetables include chapping
and moniliasis from exposure to moisture, photosenitization dermatitis
from sunlight, and parasitism by mites.

Photosenitization is the delayed development of erythema, edema,
vesicles, and bullae after contact with plant juices and exposure to sun-
light. This accentuated localized sunburn is a phototoxic, rather than a

125



126 OCCUPATIONAL DISEASES

photoallergenic effect, and may result in either hyperpigmentation or de-
pigmentation. Plants which cause photosenitization include fig, rue, lime,
bergamot, parsnips, parsley, carrots, fennel, dill, and pink rot celery.

Hay fever, asthma, and urticaria frequently occur in castor bean
processors, resulting from a potent allergen found in the dried pomace
remaining after castor oil extraction. Castor bean workers, dock work-
ers handling the pomace, or farmers using the pomace for fertilizer may
be affected.

Historically, paprika sorter’s disease was frequent in women splitting
paprika fruit who inhaled spores and mycelia of a mold growing in the
fruit. This exposure has been eliminated since the entire fruits are now
ground mechanically.

Exposure to grain dusts may result in coughing, wheezing, breath-
lessness, dermatitis, and grain fever. The incidence of these symptoms
is higher in individuals with a history of past allergy, suggesting that
allergy may be party responsible for the response to grain dusts.

Tobacco cropper’s or green-tobacco sickness, characterized by weak-
ness, nausea, and vomiting, has been observed in persons pulling tobacco
leaves from the plants during cropping. It is believed that a noxious
material in green tobacco gum, most likely nicotine, is absorbed through
the skin.

POTENTIAL OCCUPATIONAL EXPOSURES

Agricultural workers Gardeners

Botanists Grain elevator workers

Bulb handlers, plant Highway workers

Camp workers Hop pickers

Canners Horticulturists

Castor bean workers Loggers

Construction workers Pipeline workers

Dock workers Road builders

Field laborers Surveyors

Flower cutters Telephone linemen

Flower packers Tobacco croppers

Foresters Utility workers

Fruit pickers Vegetable harvesters

Fruit processors Vegetable processors
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WOODS

Woods, wood dusts, and substances from woods may be toxic, irri-
tant, allergenic, or carcinogenic.

Toxic woods, such as East Indian satinwood, South African box-
wood, and ipe, contain substances which cause systemic signs and symp-
toms when absorbed, inhaled, or ingested. Wood toxins are often alka-
loids. Effects may include headache, anorexia, nausea, vomiting, brady-
cardia, dyspnea, or somnolence.

Irritant woods cause injury to mucous membranes upon contact,
and severe irritants may affect intact skin, causing dermatitis. Examples
of irritant woods are mansonia, dahoma, and cocobolo.

Allergenic woods such as certain members of the birch, pine, dog-
wood, beech, mahogany, mulberry, and myrtle families may cause allergic
manifestations including asthma and contact dermatitis in sensitized in-
dividuals.

It is believed that the inhalation of fine dusts from wood, especially
hard wood dust, causes nasal cancer. Many woodworkers in the fur-

niture industry develop squamous metaplasia in the nasal mucous mem-
brane.

Furniture workers frequently exhibit an allergic response to wes-
tern red cedar. The response occurs after contact with the sawdust of
this wood, and symptoms are intensified by contact with the wood. Symp-
toms include asthma, rhinitis, urticaria, dermatitis, and conjunctivitis.
Asthma and rhinitis are frequent in carpenters, while conjunctivitis oc-
curs more often in sawmill workers.

POTENTIAL OCCUPATIONAL EXPOSURES

Cabinet makers Musicians

Carpenters Sawmill workers

Furniture makers Violin makers

Lumbermen Wood workers
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. ..New industrial materials will produce new hazards requiring
careful delective work before the exact agent or mode of action is
incriminated, and to which the classical approach con be applied,
but the principles are known, and the work con proceed along
whot are now fairly conventional lines.

—The Committee on Environmental

Health Problems - 1962.

PHS Publication No. 908
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CHEMICAL HAZARDS

Irving R. Tabershaw, M.D., H.M .D. Utidjian, M.D., D.I1.H.
and Barbara L. Kawahara, M.P.H.

Raw materials from many sources are converted by the chemical
industry into the substances used by the industry itself to produce cos-
metics, detergents and soaps, drugs, dyes, pigments, explosives, fertilizers,
petrochemicals, inks, paints, pesticides, plastics, synthetic fibers, and
many other products. Other industries use the substances in the pro-
duction of durable and nondurable goods.

This section deals with the harmful health effects of some of these
substances. Items discussed include the capacity of the substance to
produce local and/or systemic effects, special diagnostic tests that may
aid diagnosis of the illness by identification of the agent, potential oc-
cupational exposures, protection methods, and references.

HARMFUL EFFECTS. Under the heading Harmful Effects are given
only the chief or dominant effects that characterize the usual responses
to the toxic agent. Because of the lack of information on the mutagenic,
teratogenic, or carcinogenic effects of many chemicals, consideration is
given only in specific instances to these effects.

Local and systemic effects are given in an effort to categorize the
effects of the toxic agent. It was arbitrarily decided to limit tocal effects
to the skin and eyes and to the mucous membranes of the upper res-
piratory tract. Systemic effects include the manifestations elicited by
the absorption of the toxic agent into the body and its distribution to
the internal organs and particularly the effects of the agent on the tis-
sues of the lower respiratory tract.

ROUTE OF ENTRY. The route of entry section is intended to supply
information on the avenue by which the toxic agent is most likely to gain
entrance into the body when encountered in the industrial environment.

SPECIAL DIAGNOSTIC TESTS. Ordinary tests such as complete
blood counts, urinalyses, and chest roentgenograms are not included
under the heading Special Diagnostic Tests. Similarly, liver and kidney
function tests and cutaneous patch tests have not been included, even
though they may be of considerable diagnostic importance. It is felt that
the physician need not be reminded of the methods for determining ab-
normalities in the target organs which are mentioned under Systemic
Effects.

It should be pointed out that many of these special diagnostic tests
are difficult to carry out and should be performed only by qualified lab-
oratories. In addition, the fact should be kept in mind that normal
values may vary somewhat, even those from competent analytical labora-
tories.

Because of the absence of significant, interpretable information, no
reference is made to behavioral patterns of response to toxic agents.
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PERMISSIBLE EXPOSURE LIMITS. In the section on Permissible
Exposure Limits, the standard as currently promulgated by the Secre-
tary of the U. S. Department of Labor under the Occupational Safety
and Health Act of 1970 (PL 91-596) is given. These standards contain
the permissible exposure limit as found in 29 CFR 1910.1000 as of Jan-
uvary 1, 1977. Where NIOSH has published a recommended revision
to the OSHA regulation, the NIOSH recommended level is also noted.
In addition in some instances the assigned Threshold Limit Value (TLV)
appearing in the current (1976) list published by the American Con-
ference of Governmental Industrial Hygienists (ACGIH) is given.

The Department of Labor promulgates standards that are manda-
tory in the United States; the TLVs issued by the ACGIH are guidelines
and are to be considered as practical guides in the control of health
hazards and should not be regarded as fine lines between safe and dan-
gerous exposure levels. In 1971, most of the 1968 ACGIH TLV list
was included in the standard for air contaminants (29 CFR 1910.93
amended to 1910,1000). United States standards are first published in
the Federal Register (FR), which is available by subscription from the
U. S. Government Printing Office. These regulations are then codified
in the Code of Federal Regulations (CFR), generally in Title 29. This
publication is also available from the Superintendent of Documents,
U.S. Government Printing Office, Washington, D. C. Since these regula-
tions are mandatory and often stipulate medical requirements as to
diagnostic tests, it would be wise to check this reference if there is any
question about an illness resulting from occupational exposure.

POTENTIAL OCCUPATIONAL EXPOSURES. The list of occupa-
tions appended to a particular chemical substance lists occupations in
which workers are potentially exposed to the toxic agent. Whether the
exposure to the toxic agent constitutes a hazard depends upon such fac-
tors as concentration of the agent, how the agent is handled and used,
duration of exposure, susceptibility of the worker to the agent, and the
health protection practices that may be adopted by management. Thus,
all hazardous situations imply an exposure, but all exposures are not
hazardous.

SYMPTOMS AND EXPOSURE. In resolving the problem of the re-
lationship between the signs and symptoms presented by the worker and
the potential toxic exposure in his occupation, it is important to under-
stand the ways by which a toxic chemical enters the body and to secure
factual information as to the physical and chemical characteristics of the
work environment and the personal hygiene of the worker. At the same
time, it is essential to recognize that 1) chemical formulas offer, at most,
only rough guides to the prediction of toxic response and 2) the forms
of acute and chronic toxicity are so often dissimilar that prediction can-
not be made of the nature of chronic toxicity from the acute manifesta-
tions.
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SELECTION OF CHEMICALS. Most of the known occupational dis-
ease-producing chemicals are given; certain chemicals, however, are ex-
cluded because of insufficient data.

The chemicals given are arranged by chemical groups; for example,
aliphatic hydrocarbons, alcohols, glycols. Some chemicals are discussed
in the section on pesticides.

REFERENCES. A number of excellent secondary references are avail-
able on chemical hazards. These include the series of NIOSH Criteria
Documents, the AIHA Hygienic Guides, and the ACGIH Documenta-
tion of the Threshold Limit Values for Substances in Workroom Air.
An additional source is the Medical Surveillance Guidelines from the
OSHA-NIOSH Standards Completion Program. These provide detailed
information on toxicology, signs and symptoms, special tests, treatments,
surveillance, and prevention. Specific references cited in a section are
listed at the end of that section. Supplemental references covering some
chemical groups are provided in bibliographies for those groups.
General texts of interest are listed in the following bibliography.
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ALIPHATIC HYDROCARBONS

Aliphatic hydrocarbons are saturated or unsaturated, branched or
unbranched open carbon chains. Within this group there are three sub-
groups: alkanes (saturated hydrocarbons), alkenes (unsaturated hydro-
carbons with one or more double bonds), and alkynes (unsaturated hy-
drocarbons with one or more triple bonds). Synonyms are paraffins,
olefins, and acetylenes, respectively. Compounds of lower molecular
weight containing fewer than 4 carbons are usually gases at room tem-
perature, whereas larger molecules, containing from 5 to 16 carbons,
are liquids, and those having more than 16 carbons are usually solids.

Aliphatic hydrocarbons are derived from petroleum by the crack-
ing, distillation, and fractionation of crude oil. Most of these compounds
are used industrially in mixtures, such as natural gas, petroleum naphtha,
gasoline, kerosene, and mineral spirits. Aliphatic hydrocarbons are used
principally as fuels, refrigerants, propellants, dry cleaning agents, lubri-
cants_solvents, and chemical intermediates.

Aliphatic hydrocarbons are asphyxiants and central nervous sys-
tem depressants. Lower members of the series, methane and ethane,
are pharmacologically less active than higher members of the series, their
main hazards resulting from the simple displacement of oxygen and from
fire and from explosion. Higher members of the series cause narcosis.
At least one member (hexane) has neurotoxic properties. Another
common effect is irritation of the skin and mucous membranes of the
upper respiratory tract. Repeated and prolonged skin contact may re-
sult in dermatitis, due to the defatting of skin. Due to its low viscosity,
aspiration of liquid may result in diffuse chemical pneumonitis, pul-
monary edema, and hemorrhage. Contamination of aliphatic hydrocar-
bons by benzene significantly increases the hazard, Therefore, it is im-
portant that benzene content, if suspected, be determined.
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ACETYLENE

DESCRIPTION
HC=CH, acetylene, is a colorless gas with a faint ethereal odor.

SYNONYMS
Ethine, ethyne, narcylene.

POTENTIAL OCCUPATIONAL EXPOSURES

Acetylene can be burned in air or oxygen and is used for brazing,
welding, cutting, metallizing, hardening, flame scarfing, and local heating
in metallurgy. The flame is also used in the glass industry. Chemically,
acetylene is used in the manufacture of vinyl chloride, acrylonitrile,
synthetic rubber, vinyl acetate, trichloroethylene, acrylate, butyrolac-
tone, 1,4-butanediol, vinyl alkyl ethers, pyrrolidone, and other sub-
stances.

A partial list of occupations in which exposure may occur includes:

Acetaldehyde makers Dye makers
Acetone makers Foundry workers
Alcohol makers Gougers
Braziers Hardeners
Carbon black makers Heat treaters
Ceramic makers Lead burners
Copper purifiers Rubber makers
Descalers Scarfers

Drug makers

PERMISSIBLE EXPOSURE LIMITS

No Federal standard has been established. NIOSH has recom-
mended a ceiling limit of 2,500 ppm.
ROUTE OF ENTRY

Inhalation of gas.

HARMFUL EFFECTS

Local—
Acetylene is nonirritating to skin or mucous membranes.

Systemic—

At high concentrations pure acetylene may act as a mild narcotic
and asphyxiant. Most accounted cases of illness or death can be attri-
buted to acetylene containing impurities of arsine, hydrogen sulfide,
phosphine, carbon disulfide, or carbon monoxide.

Initial signs and symptoms of exposure to harmful concentrations
of impure acetylene are rapid respiration, air hunger, followed by im-
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paired mental alertness and muscular incoordination. Other manifesta-
tions include cyanosis, weak and irregular pulse, nausea, vomiting, pros-
tration, impairment of judgment and sensation, loss of consciousness,
convulsions, and death. Low order sensitization of myocardium to epi-
nephrine resulting in ventricular fibrillation may be possible.

MEDICAL SURVEILLANCE
No specific considerations are needed.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Acetylene poisoning can quite easily be prevented if 1) there is
adequate ventilation and 2) impuritics are removed when acetylene is
used in poorly ventilated areas. General industrial hygiene practices for
welding, brazing, and other metallurgical processes should also be ob-
served.
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ALICYCLIC HYDROCARBONS

DESCRIPTION

Cyclopropane: C.H,

Cyclohexane: CH,,

Cyclohexene: C,H,,

Methylcyclohexane: C:H,,

Alicyclic hydrocarbons are saturated or unsaturated molecules in
which three or more carbon atoms are joined to form a ring structure.
The saturated compounds are called cycloalkanes, cycloparaffins, or
naphthenes. The cyclic hydrocarbons with one or more double bonds
are called cycloalkenes or cyclo-olefins. These compounds are colorless
liquids.

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES

Uses vary with compounds. Cyclopropane is used as an anesthetic.
Cyclohexane is used as a chemical intermediate, as a solvent for fats,
oils, waxes, resins, and certain synthetic rubbers, and as an extractant
of essential oils in the perfume industry. Cyclohexene is used in the
manufacture of adipic, maleic, and cyclohexane carboxylic acid. Methyl-
cyclohexane is used as a solvent for celtulose ethers and in the produc-
tion of organic synthetics.
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A partial list of occupations in which exposure may occur includes:

Adipic acid makers Paint removers
Benzene makers Plastic molders
Fat processors Resin makers
Fungicide makers Rubber makers
Lacquerers Varnish removers
Nylon makers Wax makers

Oil processors

PERMISSIBLE EXPOSURE LIMITS

The Federal standards are:
Cyclohexane 300 ppm (1050 mg/m®);
Cyclohexene 300 ppm (1015 mg/m®);
Methylcyclohexane 500 ppm (2000 mg/m®).
Presently there is no standard for cyclopropane.
(Note: The 1976 ACGIH lists a TLV of 400 ppm (1,600 mg/m?)
for methylcyclohexane.)

ROUTE OF ENTRY
Inhalation of gas or vapor.

HARMFUL EFFECTS
Local—

Repeated and prolonged contact with liquid may cause defatting of
the skin and a dry, scaly, fissured dermatitis. Mild conjunctivitis may
result from acute vapor exposure.

Systemic—

Alicyclic hydrocarbons are central nervous system depressants, al-
though their acute toxicity is low. Symptoms of acute exposure are
excitement, loss of equilibrium, stupor, coma, and, rarely, death as a
result of respiratory failure. The concentration of cyclopropane re-
quired to produce surgical anesthesia is low, and there is a wide margin
between anesthetic and toxic concentrations. The myocardium may be-
come more sensitive to epinephrine during narcosis with cyclopropane.
Severe diarrhea and vascular collapse resulting in heart, lung, liver, and
brain degeneration have been reported in oral administration of alicyclic
hydrocarbons to animals.

The danger of chronic poisoning is relatively slight because these
compounds are almost completely eliminated from the body. Metabolism
of cyclohexane, for example, results in cyclohexanone and cyclohexanol
entering the bloodstream and does not include the metabolites of phenol,
as with benzene. Damage to the hematopoietic system does not occur
except when exposure is compounded with benzene, which may be a
contaminant. Alicyclic hydrocarbons are excreted in the urine as sul-
fates or glucuronides, the particular content of each varying. Small
quantities of these compounds are not metabolized and may be found
in blood, urine, and expired breath.
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MEDICAL SURVEILLANCE

Consider possible irritant effects to the skin and respiratory tract in
any preplacement or periodic examination, as well as any renal or liver
complications.

SPECIAL TESTS

None in common use. Some metabolites have been found in blood
and urine.

PERSONAL PROTECTIVE METHODS

Skin protection with barrier creams or gloves.
Workers exposed to high concentrations of gas or vapor may need
masks.
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1,3-BUTADIENE

DESCRIPTION

H.C=CH-CH=CH,, 1,3-butadiene, is a colorless, flammablc
gas with a pungent, aromatic odor. Because of its low flash point, 1,3-
butadiene’s fire and cxplosion hazard may be more serious than its
health hazard.

SYNONYMS

Biethylene, bivinyl, butadiene monomer, divinyl, erythrene, methyl-
allene, pyrrolylene, vinylethylene.

POTENTIAL OCCUPATIONAL EXPOSURES

1,3-Butadiene is used chiefly as the principal monomer in the
manufacture of many types of synthetic rubber, Presently, butadiene is
finding increasing usage in the formation of rocket fuels, plastics, and
Tesins.

A partial list of occupations in which exposure may occur includes:

Organic chemical synthesizers Rocket fuel makers
Resin makers Rubber makers
Rocket fuel handlers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for 1,3-butadiene is 1,000 ppm (2,200
mg/m?*).

ROUTE OF ENTRY
Inhalation of gas or vapor.
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HARMPFUL EFFECTS
Local—

Butadiene gas is slightly irritating to the eyes, nose, and throat.
Dermatitis and frostbite may result from exposure to liquid and evap-
orating gas.

Systemic—

In high concentrations, 1,3-butadiene gas can act as an irritant,
producing cough, and as a narcotic, producing fatigue, drowsiness, head-
ache, vertigo, loss of consciousness, respiratory paralysis, and death. One
report states that chronic exposure may result in central nervous system
disorders, diseases of the liver and biliary system, and tendencies to-
ward hypotension, leukopenia, increase in ESR, and decreased hemo-
globin content in the blood. These changes have not been seen by most
observers in humans.

MEDICAL SURVEILLANCE
No specific considerations are needed.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Masks are recommended in contaminated areas with high concen-
trations of the gas.

BIBLIOGRAPHY
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GASOLINE
DESCRIPTION
Gasoline is a highly flammable, mobile liquid with a characteristic
odor.
SYNONYMS
Petrol, motor spirits, benzin.

POTENTIAL OCCUPATIONAL EXPOSURES

Gasoline is used as a fuel, diluent, and solvent throughout industry.
A partial list of occupations in which exposure may occur includes:

Filling station attendants Pipeline workers
Garage mechanics Refinery workers
Gasoline engine operators Tank car cleaning crews

Motor transport drivers
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PERMI|SSIBLE EXPOSURE LIMITS

Presently, the composition of gasoline is so varied that a single
Federal standard for all types of gasoline is not applicable. It is recom-
mended, however, that atmospheric concentrations should be limited by
the aromatic hydrocarbon content.

ROUTE OF ENTRY

Most cases of poisoning reported have resulted from inhalation of
vapor and ingestion. It is not known whether gasoline poisoning may
be compounded by percutaneous absorption.

HARMFUL EFFECTS

Local—

Gasoline is irritating to skin, conjunctiva, and mucous membranes.
Dermatitis may result from repeated and prolonged contact with the
liquid, which may defat the skin. Certain individuals may develop hy-
persensitivity.

Systemic—

Gasoline vapor acts as a central nervous system depressant. Ex-
posure to low concentrations may produce flushing of the face, stag-
gering gait, slurred speech, and mental confusion. In high concentra-
tions, gasoline vapor may cause unconsciousness, coma, and possibly
death resulting from respiratory failure.

Other signs also may develop following acute exposure. These
signs are early acute hemorrhage of the pancreas, centrilobular cloudy
swelling and fatty degeneration of the liver, fatty degeneration of the
proximal convoluted tubules and glomeruli of the kidneys, and passive
congestion of the spleen.

Ingestion and aspiration of the liquid gasoline usually occurs during
siphoning.

Chemical pneumonitis, pulmonary edema, and hemorrhage may
follow. Aromatic hydrocarbon content may also cause hematopoietic
changes. Absorption of alkyl lead antiknock agents contained in many
gasolines poses an additional problem especially where there is pro-
longed skin contact. The existence of chronic poisoning has not been
established.

MEDICAL SURVEILLANCE
No special considerations are necessary.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Barrier creams and impervious gloves, protective clothing.
Masks in heavy exposure to vapors.
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n-HEPTANE
DESCRIPTION

CH,(CH,),CH,, n-heptane, is a clear liquid which is highly flam-
mable and volatile ,

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES
n-Heptane is used as a solvent and as a standard in testing knock
of gasoline engines.
A partial list of occupations in which exposure may occur includes:
Process workers (where heptane is used as the solvent)
Refinery laboratory workers
Refinery workers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for n-heptane is 500 ppm (2000 mg/m®).
(Note: The 1976 ACGIH lists a TLV of 400 ppm (1,600 mg/m*).

ROUTE OF ENTRY
Inhalation of the vapor.

HARMFUL EFFECTS
Local—

n-Heptane can cause dermatitis and mucous membrane irritation.
Aspiration of the liquid may result in chemical pneumonitis, pulmonary
edema, and hemorrhage.

Systemic—

Systemic effects may arise without complaints of mucous mem-
brane irritation. Exposure to high concentrations causes narcosis pro-
ducing vertigo, incoordination, intoxication characterized by hilarity,
slight nausea, loss of appetite, and a persisting gasoline taste in the
mouth. These effects may be first noticed on entering a contaminated
area. n-Heptane may cause low order sensitization of the myocardium
to epinephrine.
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MEDICAL SURVEILLANCE

Preplacement examinations should evaluate the skin and general
health, including respiratory, liver, and kidney function.

SPECIAL TESTS
None have been commonly used.

PERSONAL PROTECTIVE METHODS
Barrier creams and gloves. Masks where exposed to vapor.

n-HEXANE

DESCRIPTION

CH,(CH,) ,CH,, n-hexane, is a colorless, volatile liquid and is
highly flammable.

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES
n-Hexane is used as a solvent, particularly in the extraction of edible
fats and oils, as a laboratory reagent, and as the liquid in low tempera-
ture thermometers. Technical and commercial grades consist of 45 to
85 % n-hexane, as well as cyclopentanes, isochexane, and from 1 to 6%
benzene.
A partial list of occupations in which exposure may occur includes:
Fat processors
Oil processors
Thermometer makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 500 ppm (1800 mg/m*) for workroom
exposure to n-hexane. (Note: The 1976 ACGIH lists a TLV of 100
ppm (360 mg/m*).)
ROUTE OF ENTRY

Inhalation of vapor.

HARMFUL EFFECTS
Local—
Dermatitis and irritation of mucous membranes of the upper res-
piratory tract.
Systemic—

Asphyxia may be produced by high concentrations. Acute exposure
may cause narcosis resulting in slight nausea, headache, and dizziness.
Myocardial sensitization to epinephrine may occur but is of low order.
Peripheral neuropathy has been reported resulting from exposure to
n-hexane.
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MEDICAL SURVEILLANCE

Consider the skin, respiratory system, central and peripheral ner-
vous system, and general health in preplacement and periodic examina-
tions,

SPECIAL TESTS
None in use.

PERSONAL PROTECTIVE METHODS

Barrier creams and gloves are recommended, as are masks where
workers are exposed to vapors.

BIBLIOGRAPHY
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KEROSENE

DESCRIPTION

Kerosene is a pale yellow or clear, mobile liquid, composed af a
mixture of petroleum distillates, having a characteristic odor. Chemically,
it is composed of aliphatic hydrocarbons with 10 to 16 carbons per mole-
cule and benzene and naphthalene derivatives.

SYNONYMS
Kerosine, coal-oil, range-oil.

POTENTIAL OCCUPATIONAL EXPOSURES

Kerosene is used as a fuel for lamps, stoves, jets, and rockets. It is
also used for degreasing and cleaning metals and as a vehicle for in-
secticides.

A partial list of occupations in which exposure may occur includes:

Farmers Insecticide workers
Garage workers Jet fuel handlers

Grease removers Metal cleaners

Heating fuel handlers Petroleum refinery workers

PERMISSIBLE EXPOSURE LIMITS

Presently there is no Federal standard for kerosene vapor in work-
room air.

ROUTE OF ENTRY
Inhalation of vapor.
HARMFUL EFFECTS
Local—
The liquid may produce primary skin irritation as a result of de-
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fatting. Aspiration of liquid may cause extensive pulmonary injury. Be-
cause of its low surface tension, kerosene may spread over a large area,
causing pulmonary hemorrhage and chemical pneumonitis. Kerosene
mist may also cause mucous membrane irritation.

Systemic—

Inhalation of high concentrations may cause headache, nausea, con-
fusion, drowsiness, convulsions, and coma. When kerosene is ingested,
it may cause nausea, vomiting, and, in severe cases, drowsiness progres-
sing to coma, and death by hemorrhagic pulmonary edema and renal
involvement.

MEDICAL SURVEILLANCE
No specific considerations are needed.

SPECIAL TESTS
None in use.

PERSONAL PROTECTIVE METHODS
Barrier creams, gloves, and protective clothing are recommended.
Where workers are exposed to vapors, masks are recommended.
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NAPHTHA

DESCRIPTION

Naphthas derived from both petroleum and coal tar are included in
this group. Petroleum naphthas composed principally of aliphatic hydro-
carbons are termed “close-cut” fractions. “Medium-range” and “wide-
range” fractions are made up of 40 to 80 per cent aliphatic hydrocar-
bons, 25 to 50 per cent naphthenic hydrocarbons, 0 to 10 per cent ben-
zene, and O to 20 per cent other aromatic hydrocarbons.

Coal tar naphtha is a mixture of aromatic hydrocarbons, principally
toluene, xylene, and cumene. Benzene, however, is present in appreci-
able amounts in those coal tar naphthas with low boiling points.

SYNONYMS

Petroleum naphtha: ligroin, benzine, petroleum ether, petroleum
benzine.

POTENTIAL OCCUPATIONAL EXPOSURES

Naphthas are used as organic solvents for dissolving or softening
rubber, oils, greases, bituminous paints, varnishes, and plastics. The
less flammable fractions are used in dry cleaning, the heavy naphthas
serving as bases for insecticides.
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A partial list of occupations in which exposure may occur includes:

Chemical laboratory workers Petroleum refinery workers
Detergent makers Rubber coaters

Dry cleaners Sclvent workers

Fat processors Stainers

Insecticide workers Varnish makers

Metal degreasers Wax makers

Qil processors Wool processors

Painters Xylene makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for petroleum naphtha is 500 ppm (2,000
mg/m?*); for coal tar naphtha it is 100 ppm (400 mg/m*).

ROUTE OF ENTRY

Inhalation of vapor, Percutaneous absorption of liquid is probably
not important in development of systemic effects unless benzene is pres-
ent.

HARMFUL EFFECTS
Local—

The naphthas are irritating to the skin, conjunctiva, and the mucous
membranes of the upper respiratory tract. Skin “chapping” and photo-
sensitivity may develop after repeated contact with the liquid. If con-
fined against skin by clothing, the naphthas may cause skin burn.

Systemic—

Petroleum naphtha has a lower order of toxicity than that derived
from coal iar, where the major hazard is brought about by the aromatic
hydrocarbon content. Sufficient quantities of both naphthas cause central
nervous system depression. Symptoms include inebriation, followed by
headache and nausea. In severe cases, dizziness, convulsions, and un-
consciousness occasionally result. Symptoms of anorexia and nervous-
ness have been reported to presist for several months following an acute
overexposure, but this appears to be rare. One fraction, hexane, has
been reported to have been associated with peripheral neuropathy. (See
Hexane.) If benzene is present, coal tar naphthas may produce blood
changes such as leukopenia, aplastic. anemia, or leukemia. The kidneys
and spleen have also been affected in animal experiments. (See Ben-
zene.)

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should include the
central nervous system. If benzene exposure is present, workers should
have a periodic complete blood count (CBC) including hematocrit,
hemoglobin, white blood cell count and differential count, mean cor-
pusclar volume and platelet count, reticulocyte count, serum bilirubin
determination, and urinary phenol in the preplacement examination and
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at 3-month intervals. There are no specific diagnostic tests for naphtha
exposure but urinary phenols may indicate exposure to aromatic hydro-
carbons, It should be noted that benzene content of vapor may be higher
than predicted by content in the liquid.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Workers should use barrier creams, protective clothing, gloves and
masks where exposure to the vapor is likely.

BIBLIOGRAPHY
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NATURAL GAS

DESCRIPTION

Natural gas consists primarily of methane (85%) with lesser
amounts of ethane (9% ), propane (3% ), nitrogen (2% ), and butane
(1%). Methane is a colorless, odorless, flammable gas.

SYNONYMS
Marsh gas.

POTENTIAL OCCUPATIONAL EXPOSURES

Natural gas is used principally as a heating fuel. It is transported
as a liquid under pressure. It is also used in the manufacture of various
chemicals including acetaldehyde, acetylene, ammonia, carbon black,
ethyl alcohol, formaldehyde, hydrocarbon fuels, hydrogenated oils,
methyl alcohol, nitric acids, synthesis gas, and vinyl chloride. Helium
can be extracted from certain types of natural gas.

A partial list of occupations in which exposure may occur includes:

Coal miners Nitric acid makers

Electric power plant workers Organic chemical synthesizers
Gas fuel users Petroleum refinery workers
Helium extractors Synthetic gas makers
Hydrogen makers Vinyl chloride makers

PERMISSIBLE EXPOSURE LIMITS

There is no Federal standard for natural gas, methane, nitrogen,
or butane. The Federal standard for propane is 1000 ppm (1,800
mg/m*). (Note: the 1974 ACGIH lists a TLV of 600 ppm (145
mg/m?) for butane as an intended change.)

ROUTE OF ENTRY
Inhalation of gas.
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HARMFUL EFFECTS
Local—

Upon escape from pressurized tanks, natural gas may cause frost-
bite.

Systemic—

Natural gas is a simple asphyxiant. Displacement of air by the gas
may lead to shortness of breath, unconsciousness, and death from hy-
poxemia. Incomplete combustion may produce carbon monoxide.

MEDICAL SURVEILLANCE
No specific considerations are needed.

SPECIAL TESTS
None are in use.

PERSONAL PROTECTIVE METHOD

Adequate ventilation should quite easily prevent any potential haz-
ard.

PARAFFIN

DESCRIPTION

Paraffin is a white, somewhat translucent solid and consists of a
mixture of solid aliphatic hydrocarbons. It may be obtained from pe-
troleum.

SYNONYMS
Paraffin wax, hard paraffin.

POTENTIAL OCCUPATIONAL EXPOSURES

Paraffin is used in the manufacture of paraffin paper, candles, food
package materials, varnishes, floor polishes, and cosmetics. It is also
used in waterproofing and extracting of essential oils from flowers for
perfume.

A partial list of occupations in which exposure may occur includes:

Candle makers Polish makers
Cosmetic makers Varnish makers
Perfume makers Waxpaper makers

PERMISSIBLE EXPOSURE LIMITS

Paraffin wax fume has no established Federal standard; however,
in 1975 the ACGIH recommended a TLV of 0.2 mg/m?® for paraffin
wax fume.

ROUTE OF ENTRY
Inhalation of fumes.
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HARMFUL EFFECTS
Local—

Occasionally sensitivity reactions have been reported.
Chronic exposure can produce chronic dermatitis, wax boils, folli-
culitis, comedones, melanoderma, papules, and hyperkeratoses.

Systemic—

Carcinoma of the scrotum in wax pressmen exposed to crude pe-
troleum wax has been documented. Other malignant lesions of an ex-
posed area in employees working with finished paraffin are less well
documented. Carcinoma of the scrotum, occurring in workmen exposed
10 years or more, began as a hyperkeratotic nevus-like lesion and de-
veloped into a squamous cell carcinoma. The lesions can metastasize to
regional inguinal and pelvic lymph nodes. Paraffinoma has been re-
ported from use of paraffin for cosmetic purposes.

MEDICAL SURVEILLANCE
Medical examinations should be concerned especially with the skin.
Surveillance should be continued indefinitely.

SPECIAL TESTS
None appear useful.

PERSONAL PROTECTIVE METHODS
Strict personal hygienic measures and protective clothing form the
basis of a protective program.
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TURPENTINE

DESCRIPTION

Turpentine is the oleoresin from species of Pinus Pinacae trees.
The crude oleoresin (gum turpentine) is a yellowish, sticky, opaque
mass and the distillate (oil of turpentine) is a colorless, volatile liquid.
Chemically, it contains alpha pinene, beta pinene, camphene, mono -
cyclic terpenes, and terpene alcohols.

SYNONYMS

Gum turpentine, oil of turpentine, spirit of turpentine, gum spirit,
gum [derived from pine resin], wood turpentine [derived from pine
stumps], sulfate wood pulp waste.
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POTENTIAL OCCUPATIONAL EXPOSURES

Turpentines have found wide use as chemical feedstock for the
manufacture of floor, furniture, shoe, and automobile polishes, camphor,
cleaning materials, inks, putty, mastics, cutting and grinding fluids, paint
thinners, resins, and degreasing solutions. Recently, alpha and beta
pinenes, which can be extracted, have found use as volatile bases for
various compounds.

A partial list of occupations in which exposure may occur includes:

Art glass workers Oil additive makers
Belt dressing makers Paint workers
Camphor makers Pine oil makers
Drug makers Resin makers
Furniture polish makers Rubber workers
Ink makers Solvent workers
Insecticide makers Stain makers
Lacquer makers Varnish workers
Lithographers Wax makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard for turpentine is 100 ppm (560 mg/m®).

ROUTE OF ENTRY

Inhalation of vapor and percutancous absorption of liquid are the
usual paths of occupational exposure. However, symptoms have been
reported to develop from percutaneous absorption alone.

HARMFUL EFFECTS
Local—

High vapor concentrations are irritating to the eyes, nose, and
bronchi. Aspiration of liquid may cause direct lung irritation resulting
in pulmonary edema and hemorrhage. Turpentine liquid may produce
contact dermatitis. Eczema from turpentine is quite common and has
been attributed to the auto-oxidation products of the terpenes (formic
acid, formaldehyde, and phenols). This hypersensitivity usually de-
velops in a small portion of the working population. Liquid turpentine
splashed in the eyes may cause corneal burns and demands emergency
treatment,

Systemic—

Turpentine vapor in acute concentrations may cause central nervous
system depression. Symptoms include headache, anorexia, anxiety, ex-
citement, mental confusion, and tinnitus. Convulsions, coma, and death
have been reported in animal experiments.

Turpentine vapor also produces kidney and bladder damage.
Chronic nephritis with albuminuria and hematuria has been reported as
a result of repeated exposures to high concentrations. Predisposition to
pneumonia may also occur from such exposures. Recovery usually takes
from a few days to a few weeks. Several animal experiments of chronic
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low level exposure have produced no ill effects to the central nervous
system, kidneys, bladder, or blood.

MEDICAL SURVEILLANCE

Consideration should be given to skin discase or skin allergies in
any preplacement or periodic examinations. Liver, renal, and respira-
tory disease should also be considered.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS
Rubber gloves, protective clothing, masks for high concentrations.

ALCOHOLS

The alcohols are hydrocarbons in which one or more hydrogen
atoms are substituted by hydroxyl (-OH) groups. Compounds with one
hydroxyl group are referred to as alcohol. Glycols have two, and glyc-
erols have three, substituted hydroxyl groups. They are widely used as
industrial solvents in a variety of products.

In general, alcohols are irritating to mucous membranes. Their
toxicity varies, but usually they produce some narcotic effect. They have
some disinfectant action and, because of their lipid solubility, most are
absorbed to some extent through the skin.

ALLYL ALCOHOL
DESCRIPTION

H,C=CHCH,OH, allyl alcohol, is a colorless liquid with a pungent
odor.

SYNONYMS
Vinyl carbinol, propenyl alcohol, 2-propenol-1, propenol-3.

POTENTIAL OCCUPATIONAL EXPOSURES

Allyl alcohol is primarily used in the production of allyl esters.
These compounds are used as monomers and prepolymers in the manu-
facture of resins and plastics. Ally! alcohol is also used in the prepara-
tion of pharmaceuticals, in organic syntheses, and as a fungicide and
herbicide.

A partial list of occupations in which exposure may occur includes:

Acrolein makers Herbicide makers

Ally] ester makers Organic chemical synthesizers
Drug makers Plasticizer makers

Fungicide makers Resin makers

Glycerine makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 2 ppm (5 mg/m®).
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ROUTE OF ENTRY
Inhalation of vapor; percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

Liquid and vapor are highly irritating to eyes and upper respiratory
tract. Skin irritation and burns have occurred from contact with liquid
but are usually delayed in onset and may be prolonged.

Systemic—

Local muscle spasms occur at sites of percutancous absorption.
Pulmonary edema, liver and kidney damage, diarrhea, delirium, con-
vulsions, and death have been observed in laboratory animals, but have
not been reported in man.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include the eyes,
skin, respiratory tract, and liver and kidney function.

SPECIAL TESTS
No specific test is available.

PERSONAL PROTECTIVE METHODS

Protective clothing to prevent skin contact should be made of neo-
prene; these must be discarded at the first sign of deterioration. The
odor and irritant properties of allyl alcohol should be sufficient warning
to prevent serious injury.
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AMYL ALCOHOL

DESCRIPTION

C,H,,OH, amyl alcohol, has eight isomers. All are colorless lig-
uids, except the isomer 2-dimethyl-1-propanol, which is a crystalline
solid.

Amyl alcohols are obtained from fusel oil which forms during the
fermentation of grain, potatoes, or beets for ethyl alcohol. The fusel oil
is a mixture of amyl alcohol isomers, and the composition is determined
somewhat by the sugar source. Amyl alcohols may be prepared by
acid hydrolysis of a petroleum fraction.

SYNONYMS

Pentanols, pentyl alcohols, fusel oil, grain oil, potato spirit, potato
oil.
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POTENTIAL OCCUPATIONAL EXPOSURES

Amyl alcohols are used in the manufacture of lacquers, paints, var-
nishes, paint removers, shoe cements, perfumes, pharmaceuticals, chem-
icals, rubber, plastics, fruit essences, explosives, hydraulic fluids, ore-
flotation agents, in the preparation of other amy! derivatives, in the ex-
traction of fats, and in the textile and petroleum refining industries.

A partial list of occupations in which exposure may occur includes:

Amyl acetate makers Perfume makers

Amyl nitrite makers Petroleum refiners

Explosive makers Photographic chemical makers
Fat processors Plastic makers

Flotation workers Rubber makers

Lacquer makers Shoe finishers

Mordanters Textile workers

Oil processors Wax processors

Painters

PERMISSIBLE EXPOSURE LIMITS
The Federal standard for 3-methyl-1-butanol (isomyl alcohol) is
100 ppm (360 mg/m"). There are no standards for the other isomers.

ROUTE OF ENTRY
Inhalation of vapor, percutaneous absorption.

HARMFUL EFFECTS

Local—
The liquid and vapor are mild irritants to the membranes of the
eyes and upper respiratory tract and skin.

Systemic—

In low concentrations, amyl alcohol may cause irritation of nose
and throat, nausea, vomiting, flushing, headache, diplopia, vertigo, and
muscular weakness. In higher dosage, it is a narcotic.

MEDICAL SURVEILLANCE
Consider possible irritant effects on skin and respiratory tract in
any preplacement or periodic examinations.

SPECIAL TESTS
None in common use. Amyl alcohol can be determined in blood.

PERSONAL PROTECTIVE METHODS
Barrier creams and personal protective clothing should be used to
prevent skin contact.
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n-BUTYL ALCOHOL

DESCRIPTION

CH,(CH,) ,OH, n-butyl alcohol, is a colorless volatile liquid with
a pungent odor.

SYNONYMS

1-Butanol, butyl hydroxide, propylcarbinol, butyric alcohol, hy-
droxybutane, n-butanol, n-propylcarbinol.

POTENTIAL OCCUPATIONAL EXPOSURES

n-Butyl alcohol is used as a solvent for paints, lacquers, varnishes,
natural and synthetic resins, gums, vegetable oils, dyes, camphor, and
alkaloids. It is also used as an intermediate in the manufacture of phar-
maceuticals and chemicals and in the manufacture of artificial leather,
safety glass, rubber and plastic cements, shellac, raincoats, photographic
films, perfumes, and in plastic fabrication.

A partial list of occupations in which exposure may occur includes:

Alkaloid makers Photographic film makers
Detergent makers Plasticizer makers

Drug makers Stainers

Dye makers Urea-formaldehyde resin makers
Lacquerers Varnish makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 100 ppm (300 mg/m*). (Note: the 1976
ACGIH lists a TLV of 50 ppm (150 mg/m*). )
ROUTE OF ENTRY

Inhalation of vapor and percutaneous absorption.

HARMFUL EFFECTS
Local—

The liquid is a primary skin irritant. The vapor is an irritant to the
conjunctiva and mucous membranes of the nose and throat. A mild

keratitis characterized by corneal vacuoles has been noted at vapor con-
centrations over 200 ppm.

Systemic—

Inhalation of high concentrations, in addition to the local effects,
have produced transitory and persistent dizziness with Meniere’s syn-
drome. Slight headache and drowsiness may also occur.

MEDICAL SURVEILLANCE

Consider irritant effects on eyes, respiratory tract, and skin in any
preplacement or periodic examinations.
SPECIAL TESTS

None have been used. Blood levels can be determined.
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PERSONAL PROTECTIVE METHODS

Barrier creams and protective clothing should be used where skin
contact may occur.

BIBLIOGRAPHY
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ETHYL ALCOHOL

DESCRIPTION
CH,CH,OH, ethyl alcohol, is a colorless, volatile, flammable liquid.

Ethyl alcohol is produced by fermentation and distillation or by syn-
thesis.

SYNONYMS
Ethanol, grain alcohol, spirit of wine, cologne spirit, ethyl hydroxide,
ethyl hydrate.

POTENTIAL OCCUPATIONAL EXPQSURES

Ethyl alcohol is used in the chemical synthesis of a wide variety of
compounds such as acetaldehyde, ethyl ether, ethyl chloride, and buta-
diene. It is a solvent or processing agent in the manufacture of phar-
maceuticals, plastics, lacquers, polishes, plasticizers, perfumes, cosmetics,
rubber accelerators, explosives, synthetic resins, nitrocellulose, adhesives,
inks, and preservatives. It is also used as an antifreeze and as a fuel.

A partial list of occupations in which exposure may occur includes:

Acetaldehyde makers Ink makers

Acetic anhydride makers Lacquer makers

Adhesive makers Motor fuel blenders

Beverage makers Organic chemical synthesizers
Detergent makers Rubber makers

Distillers Shellac processors

Dye makers Solvent workers

Ethyl ether makers Stainers

Histology technicians

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is L000 ppm (1,900 mg/m*).

ROUTE OF ENTRY
Inhalation of vapor and percutaneous absorption.
HARMFUL EFFECTS
Local—
Mild irritation of eye and nose occurs at very high concentrations.
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The liquid can defat the skin, producing a dermatitis characterized by
drying and fissuring.

Systemic—

Prolonged inhalation of high concentrations, besides the local effect
on the eyes and upper respiratory tract, may produce headache, drowsi-
ness, tremors, and fatigue. Tolerance may be a factor in individual re-
sponse to a given air concentration.

Bizarre symptoms (other than typical manifestations of intoxication)
may result from the denaturants often present in industrial ethyl alcohol.
Ethyl alcohol may act as an adjuvant, increasing the toxicity of other
inhaled, absorbed, or ingested chemical agents. An exception is methanol
where ethyl alcohol counteracts methanol toxicity.

MEDICAL SURVEILLANCE
No special considerations needed.

SPECIAL TESTS

Ethyl alcohol can readily be determined in blood, urine, and ex-
pired air.

PERSONAL PROTECTIVE METHODS

Personal protective equipment is recommended where skin contact
may occur.

BIBLIOGRAPHY
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ETHYLENE CHLOROHYDRIN
DESCRIPTION

CH,CICH,OH, ecthylene chlorohydrin, is a colorless liquid with
an ether-like odor.

SYNONYMS
Glycol chlorohydrin, 2-chloroethanol, B-chloroethyl alcohol.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethylene chlorohydrin is used in the synthesis of ethylene glycol,
ethylene oxide, amines, carbitols, indigo, malonic acid, novocaine, and
in other reactions where the hydroxyethyl group (—CH,CH,OH)is in-
troduced into organic compounds, for the separation of butadiene from
hydrocarbon mixtures, in dewaxing and removing cycloalkanes from
mineral oil, in the refining of rosin, in the manufacture of certain pesti-
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cides, and in the extraction of pine lignin. In the lacquer industry, it is
used as a solvent for cellulose acetate, cellulose esters, resins and waxes,
and in the dyeing and cleaning industry, it is used to remove tar spots,
as a cleaning agent for machines, and as a solvent in fabric dyeing. It
has also found use in agriculture in speeding up sprouting of potatoes
and in treating seeds to inhibit biological activity.

A partial list of occupations in which exposure may occur includes:

Cellulose acetate makers Novocaine makers

Drug makers Organic chemical synthesizers
Dye makers Potato growers

Ethyl cellulose workers Procaine makers

Indigo makers Resin workers

Lacquer makers Textile dyers and printers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (16 mg/m*).

ROUTE OF ENTRY
Inhalation of vapor; percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

High vapor concentrations are irritating to the eyes, nose, throat,
and skin.

Systemic—

Ethylene chlorohydrin is extremely toxic and in addition to locat
irritation of eyes, respiratory tract, and skin, inhalation of the vapor
may produce nausea, vomiting, dizziness, headache, thirst, delirium, low
blood pressure, collapse, and unconsciousness. The urine may show red
cells, albumin, and casts. Death may occur in high concentrations with
damage to the lung and brain. There is little margin of safety between
early reversible symptoms and fatal intoxication. The toxic effects may
be related to its metabolites, chloroacetaldehyde and chloroacetic acid.

MEDICAL SURVEILLANCE

Preplacement examination, including a complete history and phys-
ical should be performed. Examination of the respiratory system,
liver, kidneys, and central nervous system should be stressed. The skin
should be examined. A chest X-ray should be taken and pulmonary
function tests performed (FVC-FEV).

The above procedures should be repeated on an annual basis, ex-
cept that the X-ray is needed only when indicated by pulmonary func-
tion testing.

SPECIAL TESTS

None commonly used. Presence in blood can probably be deter-
mined by appropriate gas chromatographic methods.
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PERSONAL PROTECTIVE METHODS

The liquid readily penetrates rubber. Protective clothing should
be discarded at first sign of deterioration. Barrier creams may be used
and scrupulous personal hygiene should be practiced.

BIBLIOGRAPHY
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METHYL ALCOHOL

DESCRIPTION

CH,OH, methyl alcohol, is a colorless, volatile liquid with a mild
odor.

SYNONYMS
Methanol, carbinol, wood alcohol, wood spirit.

POTENTIAL OCCUPATIONAL EXPOSURES

Methyl alcohol is used as a starting material in organic synthesis of
chemicals such as formaldehyde, methacrylates, methyl amines, methyl
halides, and ethylene glycol, and as an industrial solvent for inks, resins,
adhesives, and dyes for straw hats. It is an ingredient in paint and var-
nish removers, cleaning and dewaxing preparations, spirit duplicating
fluids, embalming fluids, antifreeze mixtures, and enamels and is used in
the manufacture of photographic film, plastics, celluloid, textile soaps,
wood stains, coated fabrics, shatterproof glass, paper coating, water-
proofing formulations, artificial leather, and synthetic indigo and other
dyes. It has also found use as an extractant in many processes, an anti-
detonant fuel-injection fluid for aircraft, a rubber accelerator, and a de-
naturant for ethyl alcohol.

A partial list of occupations in which exposures may occur includes:

Acetic acid makers Foundry workers
Art glass workers Gilders
Bookbinders Ink makers
Bronzers Lasters

Dyers Leather workers
Enamel makers Millinery workers
Ester makers Painters

Feather workers Photoengravers

Felt hat makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 200 ppm (260 mg/m*).

ROUTE OF ENTRY
Inhalation of vapor; percutaneous absorption of liquid.
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HARMFUL EFFECTS
Local—

Contact with liquid can produce defatting and a mild dermatitis.
Methyl alcohol is virtually nonirritating to the eyes or upper respira-
tory tract below 2000 ppm, and it is difficult to detect by odor at less
than this level.

Systemic—

Methyl alcohol may cause optic nerve damage and blindness. Its
toxic effect is thought to be mediated through metabolic oxidation prod-
ucts, such as formaldehyde or formic acid, and may result in blurring
of vision, pain in eyes, loss of central vision, or blindness. Other cen-
tral nervous system effects result from narcosis and include headache,
nausea, giddiness, and loss of consciousness. Formic acid, may produce
acidosis. These symptoms occur principally after oral ingestion and are
very rare after inhalation.

MEDICAL SURVEILLANCE

Consider eye disease and visual acuity in any periodic or place-
ment examinations, as well as skin and liver and kidney functions.

SPECIAL TESTS

Determination of methyl alcohol in blood, and methyl alcohol and
formic acid in urine. Estimation of alkali reserve which may be im-
paired because of acidosis following accidental ingestion.

PERSONAL PROTECTIVE METHODS
Barrier creams and protective clothing.

BIBLIOGRAPHY
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PROPYL ALCOHOL

DESCRIPTION

There are two isomers of propyl alcohol, n-propyt alcohol (CH,-
CH,CH,OH) and isopropy! alcohol (CH,CHOHCH,). Both are color-
less, volatile liquids.

SYNONYMS
n-Propyl alcohol: 1-Propanol, propylic alcohol. Isopropyl alcohol:
Isopropanol, 2-propanol, secondary propyl alcohol, dimethylcarbinol.

POTENTIAL OCCUPATIONAL EXPOSURES
Isopropyl alcohol is the more widely used of the two isomers. In
the pharmaceutical industry, it has replaced ethyl alcohol in liniments,
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skin lotions, cosmetics, permanent wave preparations, hair tonics, mouth
washes, and skin disinfectants and is widely used as a rubbing alcohol.
Isopropyl alcohol is used in the manufacture of acetone, isopropyl de-
rivatives, and safety glass, as a solvent in perfumes, resins and plastics,
dye solutions, nitrocellulose lacquers, and in many extraction processes
and is an ingredient of antifreezes, deicing agents, liquid soaps, and
window cleaners. Further applications include use as a preservative and
dehydrating agent, a coupling agent in oil emulsions, an extracting agent
for sulfonic acids from petroleum oils, and for coatings in textiles, n-
Propyl alcohol is used in lacquers, dopes, cosmetics, dental lotions,
cleaners, polishes, and pharmaceuticals and as a surgical antiseptic. It
is a solvent for vegetable oils, natural gums and resins, rosin, shellac,
certain synthetic resins, ethyl cellulose, and butyral.

A partial list of occupations in which exposure may occur includes:

Disinfectant makers Resin makers

Drug makers Soap makers

Gum processors Stainers

Metal degreasers Vegetable oil processors
Nurses Wax makers

Perfume makers Window cleaning fluid makers

Polish makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for n-propyl alcohol is 200 ppm (500
- mg/m*) and for isopropyl alcohol, 400 ppm (980 mg/m*).
ROUTE OF ENTRY

Isopropyl alcohol: Inhalation of vapor.
n-Propyl alcohol: Inhalation of vapor, percutaneous absorption.

HARMFUL EFFECTS
Local—

The two isomers are similar in physical and in most physiological
properties. The vapors are mildly irritating to the conjunctiva and
mucous membranes of the upper respiratory tract.

Systemic—

No cases of poisoning from industrial exposure have been recorded
for either isomer. n-Propyl alcohol can produce mild central nervous
system depression; isopropy! alcohol is potentially narcotic in high con-
centrations.

MEDICAL SURVEILLANCE
No specific considerations are needed.

SPECIAL TESTS

Isopropyl alcohol and its metabolite, acetone, may be detected in
blood, urine, and body tissues.
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PERSONAL PROTECTIVE METHODS
Clothing and barrier creams are recommended.

BIBLIOGRAPHY
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GLYCOLS AND DERIVATIVES

Glycols are dihydric alcochols which arc colorless, viscous liquids.
Because these compounds are soluble in alcohol and water and have
high boiling points and low freezing points, they are used as solvents
and antifreeze. Ethylene glycol, like ethyl alcohol, is often called by the
class name, i.e., glycol. These compounds have relatively low toxicity,
and the major hazard appears when the liquids are heated during proc-
essing.

ETHYLENE GLYCOL

DESCRIPTION
HOCH,CH,OH, ethylene glycol, is a colorless, odorless, viscous
liquid with a sweetish taste.

SYNONYMS
1, 2-Ethanediol, glycol alcohol, glycol, EG.

POTENTIAL OCCUPATIONAL EXPOSURES

Because of ethylenc glycol’s physical properties, it is used in anti-
freeze, hydraulic fluids, clectrolytic condensors, and heat exchangers. It
is also used as a solvent and as a chemical intermediate for ethylene
glycol dinitrate, glycol esters, and rcsins.

A partial hst of occupations in which cxposurc may occur includes:

Antifreeze makers Metal polishers
Brake fluid makers Paint makers
Explosive makers Resin makers
Glue makers Textile makers
Hydraulic fluid makers Tobacco workers
Ink makers Wax makers

Metal cleaners

PERMISSIBLE EXPOSURE LIMITS

There is no Federal standard; however, ACGIH in 1975 recom-
mended a TLV of 10 mg/m* for particulate ethylene glycol and 100
ppm (260 mg/m*) for the vapor form.

ROUTE OF ENTRY

Inhalation of particulate or vapor. Percutaneous absorption may
also contribute to intoxication.
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HARMFUL EFFECTS
Local—
None.

Systemic—

Ethylene glycol’s vapor pressure is such that at room temperature
toxic concentrations are unlikely to occur. Poisoning resulting from
vapor usually occurs only if ethylene glycol liquid is heated; therefore,
occupational exposure is rare. Chronic symptoms and signs include:
anorexia, oliguria, nystagmus, lymphocytosis, and loss of consciousness.
Inhalation seems to primarily result in central nervous system depres-
sion and hematopoietic dysfunction, whereas, ingestion may result in de-
pression followed by respiratory and cardiac failure, renal and brain
damage.

MEDICAL SURVEILLANCE
No special considerations are needed.

SPECIAL TESTS

Urinalysis for oxalic acid, an ethylene glycol metabolite, may be
useful in diagnosis of poisoning by oral ingestion.

PERSONAL PROTECTIVE METHODS
Masks should be worn in areas of vapor concentration.

BIBLIOGRAPHY
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ETHYLENE GLYCOL ETHERS AND DERIVATIVES

DESCRIPTION

Ethylene glycol monoethyl ether: CH,CH,OCH,CH,OH.

Ethylene glycol monoethyl ether acetate: CH,CH.OCH.CH ,00-
CCH,.

Ethylene glycol monomethyl ether: CH,OCH,CH,OH.

Ethylene glycol monomethyl ether acetate: CH,OCH,CH,00C-
CH..

Ethylene glycol monobutyl ether: CH,CH,CH,CH ,OCH,CH.,OH.
These substances are colorless liquids with a slight odor.

SYNONYMS
Ethylene glycol monoethyl ether: cellosolve, 2-ethoxyethanol.
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Ethylene glycol monoethyl ether acetate: cellosolve acctate, 2-
ethoxyethyl acetate.

Ethylene glycol monomethyl ether: methyl cellosolve, 2-meth-
oxyethanol.

Ethylene glycol monomethyl ether acetate: methyl cellosolve ace-
tate, 2-methoxyethyl acetate.

Ethylene glycol monobutyl ether: butyl cellosolve, 2-butoxyethanol.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethylene glycol ethers are used as solvents for resins, lacquers,
paints, varnishes, gum, perfume, dyes and inks, and as a constituent of
painting pastes, cleaning compounds, liquid soaps, cosmetics, nitrocellu-
lose, and hydraulic fluids. Acetate derivatives are used as solvents for
oils, greases and ink, in the preparation of lacquers, enamels, and ad-
hesives, and to dissolve resins and plastics.

A partial list of occupations in which exposure may occur includes:

Cellophane sealers Nail polish makers
Cleaning solution makers Qil processors
Dry cleaners, Plastic makers
Film makers Printers

Hydraulic fluid makers Stainers

Ink makers Textile dyers
Lacquer makers Wakx processors

PERMISSIBLE EXPOSURE LIMITS
The Federal standards for these compounds are:

Ethylene glycol monoethyl ether 200 ppm 740 mg/m*
Ethylene glycol monoethyl ether acetate 100 ppm 540 mg/m*
Ethylene glycol monomethyl ether 25 ppm 80 mg/m*
Ethylene glycol monomethyl ether acetate 25 ppm  '20 mg/m*
Ethylene glycol monobutyl ether 50 ppm 240 mg/m*?

ACGIH in 1975 recommended a TLV of 25 ppm (120 mg/m?*)
for ethylene glycol monomethyl ether acetate.

ROUTE OF ENTRY
Inhalation of vapor and percutancous absorption of liquid.

HARMFUL EFFECTS
Local—

Ethylene glycol ethers are only mildly irritating to the skin. Vapor
may cause conjunctivitis and upper respiratory tract irritation. Tem-
porary corneal clouding may also result and may last several hours. Ace-
tate derivatives cause greater eye irritation than the parent compounds.
The butyl and methyl ethers may penetrate skin readily.

Systemic—-

Acute exposure to these compounds results in narcosis, pulmonary
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edema, and severe kidney and liver damage. Symptoms from repeated
overexposure to vapors are fatigue and lethargy, headache, nausea,
anorexia, and tremor. Anemia and encephalopathy have been reported
with ethylene glycol monomethyl ether. Rats show increased hemolysis
of erythrocytes from inhalation of ethylene glycol monobutyl ether. This
has not been shown in man. Acute poisoning by ingestion resembles
ethylene glycol toxicity, with death from renal failure.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should evaluate blood,
central nervous system, renal and liver functions, as well as the skin and
respiratory tract.

SPECIAL TESTS
None currently used.

PERSONAL PROTECTIVE METHODS

Use glasses and protective clothing to prevent skin absorption.
Respiratory protection may be needed if ventilation is poor or if com-
pounds are heated or atomized.

BIBLIOGRAPHY
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ETHERS AND EPOXY COMPOUNDS

Ethers are-organic molecules which contain a carbon-oxygen-carbon
linkage. Colorless, volatile liquids, these compounds are generally used
industrially as solvents and chemical feedstock for organic synthetics.
Ethyl ether, the simplest ether, has been used as a general anesthetic
and has been historically known as “ether.” Occupationally, exposure
to chlorinated ethers is much more significant. Two compounds, bis-
(kchloromethyl)) ether and chloromethyl methyl ether, have produced
carcinoma and, therefore, have received much attention recently. Di-
oxane, although it is not chlorinated, has also shown potential tumori-
genic hazard. Skin, eye, and mucous membrane irritation is common to
all the chemicals covered. Pulmonary edema, with the added hazard of
delayed appearance, may also occur as a result of particular ether ex-
posures.

Epoxy compounds are cyclic ethers with the structure -C-O-C-. The
most important industrially are the alpha-epoxy compounds in which
the epoxy group is in the 1-2 position. These are the most reactive and
are used as chemical intermediates in the manufacture of surface-active
agents, plasticizers, synthetic resins, solvents, etc.
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BIS(CHLOROMETHYL) ETHER

DESCRIPTION

CICH,OCH,CI, bis(chloromethyl) ether, is a colorless, volatile
liquid with a suffocating odor. This substance may form spontaneously
in warm moist air by the combination of formaldehyde and hydrogen
chloride.

SYNONYMS
BCME, sym-dichloromethyl ether.

POTENTIAL OCCUPATIONAL EXPOSURES

Exposure to bis(chloromethyl) ether may occur in industry and in
the laboratory. This compound is used as an alkylating agent in the
manufacture of polymers, as a solvent for polymerization reactions, in
the preparation of ion exchange resins, and as an intermediate for or-
ganic synthesis.

A partial list of occupations in which exposure may occur includes:

Ton exchange resin makers Organic chemical synthesizers
Laboratory workers Polymer makers

PERMISSIBLE EXPOSURE LIMITS

Bis(chloromethyl) ether is included in the Federal standard for
carcinogens; all contact with it should be avoided.

ROUTE OF ENTRY

Inhalation of vapor and perhaps, but to a lesser extent, percutaneous
absorption.

HARMFUL EFFECTS
Local—

Vapor is severely irritating to the skin and mucous membranes and
may cause corneal damage which may heal slowly.

Systemic—

Bis(chloromethyl) ether has an extremely suffocating odor even in
minimal concentration so that experience with acute poisoning is not
available. It is not considered a respiratory irritant at concentrations of
10 ppm. Bis{chloromethyl) ether is a known human carcinogen. Animal
experiments have shown increases in lung adenoma incidence; olfactory
esthesioneuroepitheliomas which invaded the sinuses, cranial vault, and
brain; skin papillomas and carcinomas; and subcutaneous fibrosarcomas.
There have been several reports of increased incidence of human lung
carcinomas (primarily small cell undifferentiated) among ether workers
exposed to bis(chloromethyl) ether as an impurity. The latency pe-
riod is relatively short — 10 to 15 years. Smokers as well as non-smok-
ers may be affected.
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MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should include an
examination of the skin and respiratory tract, including chest X-ray.
Sputum cytology has been suggested as helpful in detecting early malig-
nant changes, and in this connection a smoking history is of importance.
Possible effects on the fetus should be considered.

SPECIAL TESTS
None have been suggested.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and should
be appropriate for protection of all skin or respiratory contact. Full
body protective clothing and gloves should be used on entering areas of
potential exposure. Those employed in handling operations should be
provided with full face, supplied air respirators of continuous flow or
pressure demand type. On exit from a regulated area, employees should
remove and leave protective clothing and equipment at the point of exit,
to be placed in impervious containers at the end of the work shift for
decontamination or disposal. Showers should be taken before dressing
in street clothes.
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CHLOROMETHYL METHYL ETHER

DESCRIPTION

CICH,OCH,, chloromethyl methyl ether, is a volatile, corrosive
liquid. Commercial chloromethyl methyl ether contains from 1 to 7 per
cent bis(chloromethyl) ether, a known carcinogen.

SYNONYMS

CMME, methyl chloromethyl ether, monochloromethyl ether,
chloromethoxymethane.

POTENTIAL OCCUPATIONAL EXPOSURES

Chloromethyl methyl ether is a highly reactive methylating agent
and is used in the chemical industry for synthesis of organic chemicals.
Most industrial operations are carried out in closed process vessels so
that exposure is minimized.
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A partial list of occupations in which exposure may occur includes:
Organic chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS
Chloromethyl methyl ether is included in the Federal standard for
carcinogens; all contact with it should be avoided.

ROUTE OF ENTRY
Inhalation of vapor and possibly percutaneous absorption.

HARMFUL EFFECTS
Local—

Vapor exposure results in severe irritation of the skin, eyes, and
nose. Rabbit skin tests using undiluted material resulted in skin ne-
crosis.

Systemic—e

Chloromethyl methyl ether is only moderately toxic given orally.
Acute exposure to chloromethyl methy! ether vapor may result in pul-
monary edema and pneumonia.

Several studies of workers with CMME manufacturing exposure
have shown an excess of bronchiogenic cancer predominately of the
small cell-undifferentiated type with relatively short latency period (typ-
ically 10-15 years). Therefore, commercial grade chloromethyl methyl
ether must be considered a carcinogen. At present it is not known
whether or not chloromethyl methyl ether’s carcinogenic activity is due
to bis(chloromethyl) ether (BCME) contamination, but this may be a
moot question inasmuch as two of the hydrolysis products of CMME can
combine to form BCME. Animal experiments to determine chloromethyl
methyl ether’s ability to produce skin cancer indicated marginal carcin-
ogenic activity; highly pure CMME was used. Inhalation studies, using
technical grade CMME showed only one bronchiogenic cancer and one
esthesioneuroepithelioma out of 79 animals exposed.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should include an
examination of the skin and respiratory tract, including a chest X-ray.
Sputum cytology has been suggested as helpful in detecting early malig-
nant changes, and in this connection a detailed smoking history is of
importance. Possible effects on the fetus should be considered.

SPECIAL TESTS
None have been suggested.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used on entering areas of partial exposure. Those em-
ployed in handling operations should be provided with fullface, sup-
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plied air respirators of continuous flow or pressure demand type. On
exit from a regulated area, employees should be required to remove
and leave protective clothing and equipment at the point of exit, to be
placed in impervious containers at the end of the work-shift for de-
contamination or disposal. Showers should be taken prior to dressing in
street clothes.
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DICHLOROETHYL ETHER

DESCRIPTION

CICH,CH,OCH,CH,Cl, dichloroethyl ether, is a clear, colorless
liquid with a pungent, fruity odor.

SYNONYMS

Dichloroether, dichloroethyl oxide, sym-dichloroethyl ether, bis-
(2-chloroethyl) ether, 2, 2-dichloroethyl ether.

POTENTIAL OCCUPATIONAL EXPOSURES

Dichloroethyl ether is used in the manufacture of paint, varnish,
lacquer, soap, and finish remover. It is also used as a solvent for cellu-
lose esters, naphthalenes, oils, fats, greases, pectin, tar, and gum; in dry-
cleaning; in textile scouring; and in soil fumigation.

A partial list of occupations in which exposure may occur includes:

Cellulose ester makers Oil processors
Degreasers Paint makers
Drycleaners Soap makers
Ethyl cellulose processors Tar processors
Fat processors Textile scourers
Gum processors Varnish workers

Lacquer makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for dichloroethyl ether is 15 ppm (90
mg/m*); however, the ACGIH recommended TLV in 1975 was S ppm
(30 mg/m*).
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ROUTE OF ENTRY
Inhalation of vapor, percutaneous absorption.

HARMFUL EFFECTS
Local—

Irritation of the conjunctiva of the eyes with profuse lacrimation,
irritation to mucous membranes of upper respiratory tract, coughing,
and nausea may result from exposure to vapor. The liquid when placed
in animal eyes has produced damage. Vapors in minimal concentrations
(3 ppm) are distinctly irritating and serve as a warning property.

Systemic—

In animal experiments dichloroethyl ether has caused severe irrita-
tion of the respiratory tract and pulmonary edema. Animal experiments
have also shown dichloroethyl ether to be capable of causing drowsiness,
dizziness, and unconsciousness at high concentrations. Except for acci-
dental inhalation of high concentrations, the chief hazard in industrial
practice is a mild bronchitis which may be caused by repeated exposure
to low concentrations.

MEDICAL SURVEILLANCE

Consideration should be given to the skin, eyes, and respiratory
tract, and to the central nervous system in placement or periodic exam-
inations.

SPECIAL TESTS
None have been proposed.

PERSONAL PROTECTIVE METHODS

In cases of vapor concentrations, protective clothing with full-face
respirator with air supply should be worn. Skin protection (gloves, pro-
tective clothing) is needed to prevent skin absorption. Goggles should
be used to prevent eye burns.

BIBLIOGRAPHY

Schrenk, H. H. 1933. Acute response of guinea pigs to vapors of some new com-
;nserc;al organic compounds. VII. Dichloroethyl ether. Public Health Reports
11389,

DIOXANE

DESCRIPTION

OCH,CH,OCH,CH,, dioxane, is a volatile, colorless liquid that
may form explosive peroxides during storage.
SYNONYMS

1,4-Diethylene dioxide, diethylethene ether, 1,4-dioxane, para-di-
oxane.
POTENTIAL OCCUPATIONAL EXPOSURES

Dioxane finds its primary use as a solvent for cellulose acetate,
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dyes, fats, greases, lacquers, mineral oil, paints, polyvinyl polymers,
resins, varnishes, and waxes. It finds particular usage in paint and varnish
strippers, as a wetting agent and dispersing agent in textile processing,
dye baths, stain and printing composition, and in the preparation of
histological slides.

A partial list of occupations in which exposure may occur includes:

Adhesive workers Histology technicians
Cellulose acetate workers Lacquer makers

Cement workers Metal cleaners
Degreasers Qil processors
Deodorant makers Paint makers

Detergent workers Polish makers

Emulsion makers Shoe cream makers

Fat processors Varnish remover makers
Glue makers Wax makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 100 ppm (360 mg/m*); however, the
ACGIH 1975 recommended TLV was 50 ppm (180 mg/m*) of tech~
nical grade.
ROUTE OF ENTRY

Inhalation of vapor as well as percutaneous absorption.

HARMFUL EFFECTS
Local—

Liquid and vapor may be irritating to eyes, nose, and throat.

Systemic—

Exposure to dioxane vapor may cause drowsiness, dizziness, loss
of appetite, headache, nausea, vomiting, stomach pain, and liver and
kidney damage. Prolonged skin exposure to the liquid may cause drying
and cracking.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should be directed to
symptoms of headache and dizziness, as well as nausea and other gas-
trointestinal disturbances. The condition of the skin and of renal and
liver function should be considered.
SPECIAL TESTS

No specific bio-monitoring tests are available.

PERSONAL PROTECTIVE METHODS

In areas of vapor concentration, protective clothing, barrier creams,
gloves, and masks should be used.
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BIBLIOGRAPHY
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EPICHLOROHYDRIN

DESCRIPTION

CH,OCHCH.Cl, epichlorohydrin, is a colorless liquid with a chloro-
form-like odor.

SYNONYMS

Epi, chloropropylene oxide, 1-chloro-2,3-epoxypropane, chloro-
methyloxidrane, 2-epichlorohydrin.

POTENTIAL OCCUPATIONAL EXPOSURES

Epichlorohydrin is used in the manufacture of many glycerol and
glycidol derivatives and epoxy resins, as a stabilizer in chlorine-contain-
ing materials, as an intermediate in the preparation of cellulose esters
and ethers, paints, varnishes, nail enamels, and lacquers, and as a ce-
ment for celluloid.

A partial list of occupations in which exposure may occur includes:

Cellulose ether workers Lacquer makers

Epoxy resin makers Nail enamel makers

Glycerol derivative makers Organic chemical synthesizers
Glycerophosphoric acid makers Paint makers

Glycidol derivative makers Resin makers

Gum processors Solvent workers

Lacquerers Varnish makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 5 ppm (19 mg/m?*). NIOSH has recom-
mended a time-weighted average limit of 2 mg/m* with a ceiling con-
centration of 19 mg/m* based on a 15-minute sampling period.

ROUTE QF ENTRY

Inhalation of vapor, percutaneous absorption of liquid.
HARMFUL EFFECTS
Local—

Epichlorohydrin is highly irritating to eyes, skin, and respiratory
tract. Skin contact may result in delayed blistering and deep-seated pain.
Allergic eczematous contact dermatitis occurs occasionally.

Systemic—

The earliest symptoms of intoxication may be referable to the gas-
trointestinal tract (nausea, vomiting, abdominal discomfort) or pain in
the region of the liver. Labored breathing, cough, and cyanoses may be
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evident and the onset of chemical pneumonitis may occur several hours
after exposure. Animals exposed repeatedly to this chemical have de-
veloped lung, kidney, and liver injury.

MEDICAL SURVEILLANCE

Consider possible effects on the skin, eyes, lungs, liver, and kidney
in preplacement or periodic examinations.

SPECIAL TESTS
None currently used.

PERSONAL PROTECTIVE METHODS

Goggles and rubber, protective clothing should be worn. Epi-
chlorohydrin slowly penetrates rubber, so all contaminated clothing
should be thoroughly washed, Respirators are required in areas of vapor
concentrations.

BIBLIOGRAPHY

Hahn, J. D. 1970. Post-testicular antifertility effects of epichlorohydrin and 2,3-
epoxypropanol. Nature 226:87.

Lawrence, W. H., M. Malik, }J. E. Turner, and J. Austin. 1972. Toxicity pro-
file of epichlorohydrin. J. Pharm. Sci. 61:1712,

Shell Chemical Company. 1972. Epichlorohydrin — Industrial Hygiene Bulletin.
Shell Chemical Company, New York.

ETHYLENE OXIDE

DESCRIPTION
H,COCH,, ethylene oxide, is a colorless gas with a sweetish odor.

SYNONYMS
1,2-Epoxyethane, oxirane, dimethylene oxide, anprolene.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethylene oxide is used as an intermediate in organic synthesis for
ethylene glycol, polyglycols, glycol ethers esters, ethanolamines, acrylo-
nitrile, plastics, and surface-active agents. It is also used as a fumigant
for foodstuffs and textiles, an agricultural fungicide, and for sterilization,
especially for surgical instruments,

A partial list of occupations in which exposure may occur includes:

Acrylonitrile makers Fungicide workers

Buty! cellosolve makers Gasoline sweeteners
Detergent makers Grain elevator workers
Disinfectant makers Organic chemical synthesizers
Ethanolamine makers Polyglycol makers

Ethylene glycol makers Polyoxirane makers
Exterminators Rocket fuel handlers
Foodstuff fumigators Surfactant makers

Fumigant makers Textile fumigators

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 50 ppm (90 mg/m*).
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ROUTE OF ENTRY
Inhalation of gas.

HARMFUL EFFECTS
Local—

Aqueous solutions of ethylene oxide or solutions formed when the
anhydrous compound comes in contact with moist skin are irritating and
may lead to a severe dermatitis with blisters, blebs, and burns. It is
also absorbed by leather and rubber and may produce burns or irrita-
tion. Allergic eczematous dermatitis has also been reported, Exposure
to the vapor in high concentrations leads to irritation of the eyes. Severe
eye damage may result if the liquid is splashed in the eyes. Large
amounts of ethylene oxide cvaporating from the skin may cause frostbite.

Systemic—

Breathing high concentrations of ethylene oxide may cause nausea,
vomiting, irritation of the nose, throat, and lungs. Pulmonary edema
may occur. In addition, drowsiness and unconsciousncss may occur.
Ethylene oxide has been found to cause cancer in femalc mice exposed
to it for prolonged periods.

Ethylene oxide is a well-known mutagen in commcrcial use in
plants. No mutagcenic effect has been demonstrated in man or animals.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should consider the skin
and eycs, allergic history, the respiratory tract, blood, liver, and kidney
function.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Eyes and skin should bc protected and protective clothing changed
when it is contaminated. In areas of high vapor concentration, respira-
tors should be supplied to cover the face, including eyes. Shoes con-
taminated by this chemical should bc discarded.

BIBLIOGRAPHY

Biro.l L(')g? A. Fisher, and E. Price. 1974. Ethylene oxide burns. Arch. Derm.
10:924.

Jacobson, K. H., E. B. Hackley, and L. Feinsilver. 1956. The toxicity of inhaled
ethylene oxide and propylene oxide vapors. AMA Arch. Ind. Health 13:237.

Sexton, R. )., and E, V. Henson. 1949. Dermatological injuries by ethylene oxide.
J. Ind. Hyg. Toxicol. 31:297.

Sulovska, K., D. Lindgren, G. Eriksson, and L. Ehrenberg. 1969. The mutagenic
effect of low concentrations of ethylene oxide in air. Hereditas 62:264.

ETHYL ETHER

DESCRIPTION
CH,CH,OCH,CH,, ecthyl ether, is a colorless, mobile, highly
flammable, volatile liquid with a characteristic pungent odor.
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SYNONYMS

Anesthetic ether, diethyl ether, diethyl oxide, ether, ethoxyethane,
ethyl oxide, sulfuric ether.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethyl ether is used as a solvent for waxes, fats, oils, perfumes, alka-
loids, dyes, gums, resins, nitrocellulose, hydrocarbons, raw rubber, and
smokeless powder, It is also used as an inhalation anesthetic, a refrig-
erant, in diesel fuels, in dry cleaning, as an extractant, and as a chemical
reagent for various organic reactions.

A partial list of occupations in which exposure may occur includes:

Acetic acid makers Gum processors

Alcohol denaturers Motor fuel makers
Collodion makers Nitrocellulose makers
Diesel fuel blenders Qil processors

Drug makers Perfume makers
Explosive makers Rayon makers

Fat processors Rubber workers

Gasoline engine primers Smokeless powder makers
Dye makers Wax makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 400 ppm (1,200 mg/m*).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

Ethyl ether vapor is mildly irritating to the eyes, nose, and throat.
Contact with liquid may produce a dry, scaly, fissured dermatitis.

Systemic—

Ethyl ether has predominantly narcotic properties. Overexposed
individuals may experience drowsiness, vomiting, and unconsciousness.
Death may result from severe overexposure. Chronic exposure results
in some persons in anorexia, exhaustion, headache, drowsiness, dizziness,
excitation, and psychic disturbances. Albuminuria has been reported.
Chronic exposure may cause an increased susceptibility to alcohol.

MEDICAL SURVEILLANCE

Preplacement or periodic examinations should evaluate the skin and
respiratory tract, liver, and kidney function. Persons with a past history
of alcoholism may be at some increased risk due to possibility of ethyl
ether addiction (known as “ether habit™).

SPECIAL TESTS

Tests for exposure may include expired breath for unmetabolized
ethyl ether and blood for ethyl ether content by oxidation with chromate
solution or by gas chromatographic methods.
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PERSONAL PROTECTIVE METHODS
Barrier creams, gloves, protective clothing, and, in areas of vapor
concentration, fullface respirator should be used.

BIBLIOGRAPHY
Hamilton, A.,, and G. R. Minot. 1920. Ether poisoning in the manufacture of
smokeless powder. J. Ind. Hyg. 2:4].

Von Qettingen, W. F. 1958. Poisoning, A Guide to Clinical Diagnosis and Treat-
ment, 2nd ed. W. B. Saunders Co., Philadelphia.

ESTERS

Esters are organic compounds with the structure R-COOR'. They
are generally the result of the reaction between an organic or inorganic
acid and alcohol with the elimination of water; however, other reactions,
such as between an alcohol and an acid halide, will also form esters. The
organic acid may be aliphatic or aromatic and may contain other sub-
stituents, Mono-, di-, or tricarboxylic esters may be formed.

Esters are an industrially important group of compounds. They
are used in plastics and resins, as plasticizers, in lacquer solvents, in
flavors and perfumes, in pharmaceuticals, and in industries such as auto-
motive, aircraft, food processing, chemical, pharmaceutical, soap, cos-
metic, surface coating, textiles, and leather.

There are four basic types of physiological effects of esters, and
these can generally be related to structure. 1) Anesthesia and primary
irritation are characteristic of most simple aliphatic esters. 2) Lacrima-
tion, vesication, and lung irritation are due to the halogen atom in halo-
genated esters, 3) Cumulative organic damage to the nervous system
or neuropathy can be caused by some, but not all, phosphate esters. 4)
Most aliphatic and aromatic esters used as plasticizers are physiologically
inert.

ACETATES

DESCRIPTION
Methyl acetate: CH,COOCH,,.
Ethyl acetate: CH,COOC,H..
n-Propyl acetate: CH,COOC.H..
Isopropyl acetate: CH,COOCH(CH,),.
n-Butyl acetate: CH,COOC,H,.
Amyl acetate: CH,COOCH,,.

The acetates are colorless, volatile, flammable liquids.

SYNONYMS

Methyl acetate: none.

Ethyl acetate: acetic ether, vinegar naphtha.

n-Propyl acetate: acetic acid-propyl ester.

Isopropyl acetate: none.

n-Butyl acetate: butyl ethanoate, acetic acid butyl ester.

Amyl acetate: isoamyl acetate, pear oil, banana oil, amyl ace-
tate ester, pentyl acetate.
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POTENTIAL OCCUPATIONAL EXPOSURES

The acetates are a group of solvents for cellulose nitrate, cellulose
acetate, ethyl cellulose, resins, rosin, cumar, elemi, phenolics, oils, fats,
and celluloid. They are also used in the manufacture of lacquers, paints,
varnishes, enamel, perfumes, dyes, dopes, plastic and synthetic finishes
(e.g., artificial leather), smokeless powder, photographic film, footwear,
pharmaceuticals, food preservatives, artificial glass, artificial silk, fur-
niture polish, odorants, and other organic syntheses.

A partial list of occupations in which exposure may occur includes:

Cellulose acetate makers Nitrocellulose makers
Cumar makers Paint makers

Dope makers Perfume makers

Dye makers Resin makers

Elemi makers Rosin makers
Lacquer makers Varnish makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standards are:

Methyl acetate 200 ppm 610 mg/m?
Ethyl acetate 400 ppm 1,400 mg/m®
n-Propyl acetate 200 ppm 840 mg/m?
Isopropyl acetate 250 ppm 950 mg/m?
n-Butyl acetate 150 ppm 710 mg/m?*
Isoamyl acetate 100 ppm 525 mg/m?
n-Amyl acetate 100 ppm 525 mg/m?
sec-Amyl acetate 125 ppm 650 mg/m*
sec-Butyl acetate 200 ppm 950 mg/m*
tert-Butyl acetate 200 ppm 950 mg/m?*

ROUTE OF ENTRY
Inhalation and ingestion.

HARMFUL EFFECTS
Local—

In higher concentrations, acetates are irritants to the mucous mem-
branes. All irritate eyes and nasal passages in varying degrees. Pro-
longed exposure can cause irritation of the intact skin. These local ef-
fects are the primary risk in industry.

Systemic—

All acetates may cause headache, drowsiness, and unconsciousness
if concentrations are high enough. Those effects are relatively slow and
gradual in onset and slow in recovery after exposure.

MEDICAL SURVEILLANCE

Consider initial effects on skin and respiratory tract in any pre-
placement or periodical examinations, as well as liver and kidney func-
tion.
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SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS
Barrier creams and protective clothing with gloves should be used,
as well as fullface masks in areas of vapor concentration.

BIBLIOGRAPHY

Von Oettingen, W, F. 1960. The aliphatic acids and their esters: toxicity and
potential dangers. The saturated monobasic acids and their esters: aliphatic
acids with three to eighteen carbons and their esters. AMA Arch. Ind. Health
21:100.

ETHYL SILICATE

DESCRIPTION
(CH,H,0) Si, ethyl silicate, is a colorless, flammable liquid with a
sharp odor detectable at 85 ppm.

SYNONYMS
Tetraethyl orthosilicate, tetraethoxy silane.

POTENTIAL OCCUPATIONAL EXPOSURES
Ethyl silicate is used in production of cases and molds for casting
of metals and as a hardener for water and weather-resistant concrete.
A partial list of occupations in which exposure may occur includes:

Acidproof cement makers Heat resistant paint makers
Adhesive makers Lacquer makers

Brick preserver makers Metal casters

Building coaters Plaster preserver makers
Cement preserver makers Silicate paint makers

PERMISSIBLE EXPOSURE LIMITS

There is no Federal standard; however, the ACGIH recommended
TLV is 100 ppm (approximately 850 mg/m*) determined as a time-
weighted average. This TLV has not been confirmed in human expo-
sure. At 3000 ppm, ethyl silicate vapors are intolerable.

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS

Local—
Ethyl silicate is a primary irritant to the eyes and the nose.

Systemic—

Damage to the lungs, liver, and kidneys, and anemia have been
observed in animal experiments but have not been reported for human
exposure.,
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MEDICAL SURVEILLANCE

Placement or periodic examinations should include the skin, eyes,
respiratory tract, as well as liver and kidney functions.

SPECIAL TESTS
None currently used.

PERSONAL PROTECTIVE METHODS
Fullface masks in areas of vapor concentration.

BIBLIOGRAPHY

Pozzini, U. C., and C. P. Carpenter. 1951. Response of rodents to repeated inhala-
tion of vapors of tetraethyl orthosilicate. Arch. Ind. Hyg. Occup. Med. 4:465.

FORMATES

DESCRIPTION
Methyl formate: HCOOCH,.
Ethyl formate: HCOOC,H..
These are colorless, mobile, flammable liquids with agreeable odors.

SYNONYMS

Methyl formate: Methyl methanoate.
Ethyl formate: None.

POTENTIAL OCCUPATIONAL EXPOSURES

Formates are solvents for cellulose nitrate, oils, greases, fats, cellu-
lose acetate, fatty acids, acetylcellulose, collodion, and celluloid. They
are also used as larvicides, fumigants, flavoring agents in the production
of lemonade, rum, arrack, and essences, and they are used in chemical
synthesis.

A partial list of occupations in which exposure may occur includes:

Cellulose acetate workers Nitrocellulose workers
Flavoring makers Organic chemical synthesizers
Fumigant makers Pesticide workers

Fumigators Tobacco fumigators

Grain fumigators

PERMISSIBLE EXPOSURE LIMITS
The Federal standards are:
Methyl formate 100 ppm 250 mg/m?*
Ethyl formate 100 ppm 300 mg/m?

ROUTE OF ENTRY
Inhalation, ingestion, and skin absorption.
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HARMFUL EFFECTS
Local—
Methyl formate is a mild irritant to mucous membranes, especially

eyes and respiratory system. Ethyl formate may be irritating to skin and
mucous membranes in high concentrations,

Systemic—

Methyl formate has an irritant and narcotic effect, and in high con-
centrations may cause drowsiness and unconsciousness. Systemic intoxi-
cation in industry is rare.

MEDICAL SURVEILLANCE
Consider eye and respiratory disease or symptoms in any place-
ment or follow-up examinations.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Barrier creams should be used to protect the skin, and masks should
be used in areas of vapor concentration.

BIBLIOGRAPHY

Von Oettingen, W. F. 1959, The aliphatic acids and their esters — toxicity and po-
tential dangers. The saturated monobasic aliphatic acids and their esters. AMA
Arch. Ind. Health 20:517.

CARBOXYLIC ACIDS AND ANHYDRIDES

The carboxylic acids and acid anhydrides have similar properties
because of their acid characteristics. Carboxylic acids, and those com-
pounds with the COOH moiety, may be aliphatic or aromatic and may
have more than one carboxy! group. The acid anhydrides are derivatives
of carboxylic acids.

These compounds have a primary irritant effect, the degree deter-
mined in part by acid dissociation and water solubility. Some may cause
severe tissue damage similar to that seen with strong mineral acids. Sen-
sitization may also occur, but is more common with the anhydrides than
the acids.

ACETIC ACID
DESCRIPTION
CH, COOH, acetic acid, is a colorless liquid with a pungent
vinegar-like odor. Glacial acetic acid contains 99% acid.
SYNONYMS

Ethanoic acid, ethylic acid, methane carboxylic acid, pyroligneous
acid, vimegar acid.
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POTENTIAL OCCUPATIONAL EXPOSURES

Acetic acid is widely used as a chemical feedstock for the produc-
tion of vinyl plastics, acetic anhydride, acetone, acetanilide, acetyl chlo-
ride, ethyl alcohol, ketene, methyl ethyl ketone, acetate esters, and
cellulose acetates. It is also used alone in the dye, rubber, pharmaceu-
tical, food preserving, textile, and laundry industries. It is utilized, too,
in the manufacture of Paris green white lead, tint rinse, photographic
chemicals, stain removers, insecticides, and plastics.

A partial list of occupations in which exposure may occur inludes:

Acetate ester makers Plastic makers
Acetate fiber makers Resin makers
Aspirin makers Rubber makers
Dye makers Stain removers
Food preservers Textile printers
Insecticide makers Tint rinse makers
Laundry workers White lead makers

Photographic chemical makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (25 mg/m?).

ROUTE OF ENTRY
Inhalation of vapor,

HARMFUL EFFECTS
Local—

Acetic acid vapor may produce irritation of the eyes, nose, throat,
and lungs. Inhalation of concentrated vapors may cause serious damage
to the lining membranes of the nose, throat, and lungs. Contact with
concentrated acetic acid may cause severe damage to the skin and severe
eye damage, which may result in loss of sight. Repeated or prolonged
exposure to acetic acid may cause darkening, irritation of the skin,
erosion of the exposed front teeth, and chronic inflammation of the nose,
throat, and bronchi.

Systemic—

Bronchopneumonia and pulmonary edema may develop following
acute overexposure. Chronic exposure may result in pharyngitis and
catarrhal bronchitis. Ingestion, though not likely to occur in industry,
may result in penetration of the esophagus, bloody vomiting, diarrhea,
shock, hemolysis, and hemoglobinuria which is followed by anuria.

MEDICAL SURVEILLANCE

Consideration should be given to the skin, eyes, teeth, and respira-
tory tract in placement or periodic examinations.

SPECIAL TESTS
None in common use.



180 OCCUPATIONAL DISEASES

PERSONAL PROTECTIVE METHODS

When working with glacial acetic acid, personal protective equip-
ment, protective clothing, gloves, and goggles should be worn. Eye foun-
tains and showers should be available in areas of potential exposure.

BIBLIOGRAPHY

Capellini, A., and E. Sartorelli. 1967. Epidodio di intossicizione collettiva da
anidride acetica ed acido acetica. Med. Lav. 58:108.

Henson, E. V. 1959. Toxicology of the fatty acids. J. Occup. Med. 1:339.

Von Oettingen, W. F. .1960. The aliphatic acids and their esters: toxicity and
potential dangers. The saturated monobasic acids and their esters: aliphatic
acids with three to eighteen carbons and their esters. AMA Arch. Ind, Health
21:100.

ACETIC ANHYDRIDE

DESCRIPTION
CH,COOCOCH,, acetic anhydride, is a colorless, strongly refrac-
tive liquid which has a strongly irritating odor.

SYNONYMS
Acetic oxide, acetyl oxide, ethanoic anhydride.

POTENTIAL OCCUPATIONAL EXPOSURES

Acetic anhydride is used as an acetylating agent or as a solvent in
the manufacture of cellulose acetate, acetanilide, synthetic fibers, plas-
tics, explosives, resins, pharmaceuticals, perfumes, and flavorings; and
it is used in the textile dyeing industry.

A partial list of occupations in which exposure may occur includes:

Acetate fiber makers Flavoring makers

Acetic acid makers Perfume makers

Aspirin makers Photographic film makers
Cellulose acetate fiber makers Plastic makers

Drug makers Resin makers

Dye makers Textile makers

Explosive makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (20 mg/m*?).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS

Local—

In high concentrations, vapor may cause conjunctivitis, photo-
phobia, lacrimation, and severe irritation of the nose and throat. Liquid
acetic anhydride does not cause a severe burning sensation when it
comes in contact with the skin. If it is not removed, the skin may be-
come white and wrinkled, and delayed severe burns may occur. Both
liquid and vapor may cause conjunctival edema and corneal burns, which
may develop into temporary or permanent interstitial keratitis with cor-
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neal opacity due to progression of the infiltration. Contact and, occa-
sionally, hypersensivitity dermatitis may develop.

Systemic—
Immediate complaints following concentrated vapor exposure in-
clude conjunctival and nasopharyngeal irritation, cough, and dyspnea.

Necrotic areas of mucous membranes may be present following acute
exposure.

MEDICAL SURVEILLANCE

Consideration should be given to the skin, eyes, and respiratory
tract in any placement or periodic examinations.

SPECIAL TESTS
None currently used.

PERSONAL PROTECTIVE METHODS

Personal protective equipment (protective clothing, gloves, and
goggles) should be used. Eye fountains and showers should be made
available in areas where contact might occur.

BIBLIOGRAPHY

Grant, W. M. 1962, Toxicology of the Eye. Charles C. Thomas Publishers,
Springfield, Illinois.

Takhirov, M. T. 1969. Hygienic standard for acetic acid and acetic anhydride.
Hyg. Sanit. 34:122,

FORMIC ACID

DESCRIPTION

HCOOH, formic acid, is a colorless, flammable, fuming liquid, with
a pungent odor.

SYNCNYMS
Methanoic acid, formylic acid, hydrogen carboxylic acid.

POTENTIAL OCCUPATIONAL EXPOSURES

Formic acid is a strong reducing agent and is used as a decalcifier.
It is used in dyeing color fast wool, electroplating, coagulating latex rub-
ber, regenerating old rubber, and dehairing, plumping, and tanning
leather. It is also used in the manufacture of acetic acid, airplane dope,
allyl alcohol, cellulose formate, phenolic resins, and oxalate; and it is
used in the laundry, textile, insecticide, refrigeration, and paper indus-
tries.

A partial list of occupations in which exposure may occur includes:

Airplane dope makers Leather makers
Allyl alcohol makers Paper makers
Dyers Perfume makers
Electroplaters Rubber workers
Insecticide makers Textile makers
Lacquer makers Wine makers

Laundry workers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (9 mg/m?®).

ROUTE OF ENTRY
Inhalation of vapor and percutaneous absorption.

HARMFUL EFFECTS
Local—

The primary hazard of formic acid results from severe irritation of
the skin, eyes, and mucous membranes. Lacrimation, increased nasal
discharge, cough, throat discomfort, erythema, and blistering may occur
depending upon solution concentrations.

Systemic—

These have not been reported from inhalation exposure and are
unlikely due to its good warning properties.

Swallowing formic acid has caused a number of cases of severe
poisoning and death. The symptoms found in this type of poisoning in-
clude salivation, vomiting, burning sensation in the mouth, bloody vom-
iting, diarrhea, and pain. In severe poisoning, shock may occur. Later,
breathing difficulties may develop. Kidney damage may also be present.

MEDICAL SURVEILLANCE

Consideration should be given to possible irritant effects on the skin,
eyes, and lungs in any placement or periodic examinations,

SPEC]IAL TESTS
None currently used.

PERSONAL PROTECTIVE METHODS

Workers should be supplied with protective clothing, gloves, and
goggles. Respiratory protection will be needed in areas of high vapor
exposure.

BIBLIOGRAPHY
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OXALIC ACID
DESCRIPTION

HOOCCOOH. 2H,0, oxalic acid in solution, is a colorless liquid.
Anhydrous oxalic acid is monoclinic in form and is produced by careful
drying of the crystalline dihydrate.
SYNONYMS

Dicarboxylic acid, ethane-di-acid, ethanedioic acid.
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POTENTIAL OCCUPATIONAL EXPOSURES

Oxalic acid is used as an analytic reagent and in the manufacture
of dyes, inks, bleaches, paint removers, varnishes, wood and metal
cleansers, dextrin, cream of tartar, celluloid, oxalates, tartaric acid, pur-
ified methyl alcohol, glycerol, and stable hydrogen cyanide. It is also
used in the photographic, ceramic, metallurgic, rubber, leather, engrav-
ing, pharmaceutical, paper, and lithographic industries.

A partial list of occupations in which exposure may occur includes:

Bleach makers Laundry workers
Celluloid makers Paper makers
Ceramic makers Rubber makers
Cream of tartar makers Tannery workers
Dye makers Textile dyers
Glycerine makers Printers

Ink makers Wood bleachers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1 mg/m®

ROUTE OF ENTRY
Inhalation of mist and, occasionally, dust.

HARMFUL EFFECTS
Local—

Liquid has a corrosive action on the skin, eyes, and mucous mem-
branes, which may result in ulceration. Loca! prolonged contact with
extremities may result in localized pain, cyanosis, and even gangrenous
changes probably resulting from localized vascular damage.

Systemic—

Chronic exposure to mist or dust has been reported to cause chronic
inflammation of the upper respiratory tract. Ingestion is of lesser im-
portance occupationally. Symptoms appear rapidly and include shock,
collapse, and convulsive seizures. Such cases may also have marked
kidney damage with deposition of calcium oxalate in the lumen of the
renal tubules.

MEDICAL SURVEILLANCE

Evaluate skin, respiratory tract, and renal functions in placement
or periodic examinations.

SPECIAL TESTS

The presence of increased urinary oxalate crystals may be helpful
in evaluating oral poisoning. Determination of blood calcium and oxa-
late levels may also be used for this purpose.

PERSONAL PROTECTIVE METHODS

Protective clothing and goggles should be worn when working in
areas where direct contact is possible. Respiratory protection from mist
or dust may be needed.
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PHTHALIC ANHYDRIDE

DESCRIPTION
C,H,0,, phthalic anhydride, is moderately flammable, white, lus-
trous, solid, with needle-like crystals.

SYNONYMS
Phthalic acid anhydride, benzene-o-dicarboxylic acid anhydride,
phthalandione.

POTENTIAL OCCUPATIONAL EXPOSURES

Phthalic anhydride is used in the manufacture of phthaleins, ben-
zoic acid, alkyd and polyester resins, synthetic indigo, and phthalic acid,
which is used as a plasticizer for vinyl resins. To a lesser extent, it is
used in the production of alizarin dye, anthranilic acid, anthraquinone,
diethyl phthalate, dimethyl phthalate, erythrosin, isophthalic acid, methyl
aniline, phenolphthalein, phthalamide, sulfathalidine, and terephthalic
acid. It has also found use in pesticides and herbicides, as well as per-
fumes.

A partial list of occupations in which exposure may occur includes:

Alizarin dye makers Mylar plastic makers

Alkyd resin makers Organic chemical synthesizers
Automobile finish makers Phthalein makers

Cellulose acetate plasticizer makers  Resin makers

Dacron fiber makers Vat dye makers

Erythrosin makers Vinyl plasticizer makers

Insecticide makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 2 ppm (12 mg/m?®).

ROUTE OF ENTRY
Inhalation of dust, fume, or vapor.

HARMFUIL EFFECTS
Local—

Phthalic anhydride, in the form of a dust, fume, or vapor, is a
potent irritant of the eyes, skin, and respiratory tract. The irritant ef-
fects are worse on moist surfaces. Conjunctivitis and skin erythema,
bumning, and contact dermatitis may occur. If the chemical is held in
contact with the skin, as under clothes or shoes, skin burns may develop.
Hypersensitivity may develop in some individuals. Inhalation of the
dust or vapors may cause coughing, sneezing, and a bloody nasal dis-
charge. Impurities, naphthoquinone, as well as maleic anhydride, may
also contribute to eye, skin, and pulmonary irritation.
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Systemic—

Repeated exposure may result in bronchitis, emphysema, allergic
asthma, urticaria, and chronic eye irritation.

MEDICAL SURVEILLANCE

Emphasis should be given to a history of skin or pulmonary allergy,
and preplacement and periodic examinations should evaluate the skin,
eye, and lungs, as well as liver and kidney functions. The hydrolysis
product, phthalic acid, is rapidly excreted in the urine, although this has
not been used in biological monitoring. Diagnostic patch testing may be
helpful in evaluating skin allergy.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Proper ventilation, rubber gloves, protective clothing, head cover-
ings, and goggles are recommended when repeated or prolonged contact
is possible. Respiratory protection may be needed in dusty areas or
where fumes or vapors are present.

BIBLIOGRAPHY
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ALDEHYDES AND KETONES

Aldehydes and ketones are aliphatic or aromatic organic com-
pounds which contain the carbonyl group, C=0.

The aldehydes, R—CH=0, are used primarily as chemical feed-
stock because of their relatively high rcactivity. They are volatile, color-
less liquids, with the exception of formaldehyde, which is a gas, and can
exhibit additional hazard due to its flammability. Typically, these com-
pounds are strongly irritating to the skin, eyes, and respiratory tract.
Acute exposure may result in pulmonary injuries such as edema, bron-
chitis, and bronchopneumonia. Skin and pulmonary sensitization may
develop in some individuals and result in contact dermatitis and, more
rarcly, asthmatic attacks. After hypersensitivity develops, individuals
may develop symptoms due to other aldehydes. For this reason, medical
surveillance and industrial hygiene practices are of importance.

Ketones arc. characterized by the structure R-O-R. They are sim-
ifar in their chemical and toxicological properties, and all are flammable,
colorless liquids with a pungent odor similar to acetone. They are used
as industrial solvents and raw materials or as intermediates in chemical
synthesis. Prolonged exposure is usually precluded by the intense irrita-
tion of the eyes and respiratory tract.
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ACETALDEHYDE

DESCRIPTION

CH,CHO, acetaldehyde, is a flammable, volatile, colorless liquid
with a characteristic odor. It is produced by oxidation of alcohol with
a metallic catalyst, by hydration of acetylene, or, usually, by direct oxi-
dation of ethylene.

SYNONYMS
Acetic aldehyde, aldehyde, ethanol, ethyl aldehyde.

POTENTIAL OCCUPATIONAL EXPOSURES

Acetaldehyde can be reduced or oxidized to form acetic acid, ace-
tic anhydride, acrolein, aldol, buranol, chloral, 2-methyl-5-ethyl pyridine,
paraldehyde, and pentaerythritol. It is also used in the manufacture of
disinfectants, drugs, dyes, explosives, flavorings, lacquers, mirrors (sil-
vering), perfume, photographic chemicals, phenolic and urea resins,
rubber accelerators and antioxidants, varnishes, vinegar, and yeast,

A partial list of occupations in which exposure may occur includes:

Acetic acid makers Paraldehyde makers
Antioxidant makers Urea resin makers
Disinfectant makers Rubber makers
Explosives workers Vinegar makers
Flavoring makers Yeast makers

Mirror silverers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 200 ppm (360 mg/m*); however, the
ACGIH 1976 recommended TLV is 100 ppm (180 mg/m*).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

The liquid and the fairly low levels of the vapor are irritating to
the eyes, skin, upper rcspiratory passages, and bronchi. Repeated ex-
posure may result in dermatitis, rarely, and skin sensitization.

Systemic—

Acute involuntary exposure to high levels of acetaldehyde vapors
may result in pulmonary edema, preceded by excitement, followed by
narcosis. It has been postulated that these symptoms may have been
similar to those of alcohol, which is converted to acetaldehyde and acetic
acid. Chronic effects have not been documented, and seem unlikely,
since voluntary inhalation of toxicologically significant levels of acetal-
dehyde are precluded by its irritant properties at levels as low as 200
ppm (360 mg/m?® of air).
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MEDICAL SURVEILLANCE

Consideration should be given to skin, eyes, and respiratory tract in
any preplacement or periodic examinations.

SPECIAL TESTS

None appear needed, but effects of exposure can be determined
from blood results by gas chromatographic methods, if desired.

PERSONAL PROTECTIVE METHODS

Protective clothing, gloves, goggles, and respiratory protective
equipment where high concentrations of the gas or vapor are expected.
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ACROLEIN

DESCRIPTION

H.C=CHCHO, acrolein, is a clear, yellowish liquid which is a
petroleum byproduct. It is commercially produced by the oxidation of
propylene.

SYNONYMS
Acraldehyde, acrylic aldehyde, allyl aldehyde, propenal.

POTENTIAL OCCUPATIONAL EXPOSURES

Acrolein is the feedstock for several types of plastics, plasticizers,
acrylates, textile finishes, synthetic fibers, and methionines. It is also
used in the manufacture of colloidal forms of metals, in perfumes, and,
due to its pungent odor, as a warning agent in methyl chloride refrig-
erants. Other potential exposures may arise when acrolein vapor is given
off when oils and fats containing glycerol are heated.

A partial list of occupations in which exposure may occur includes:

Acrylate makers Refrigerant makers
Fat processors Renderers
Methionine makers Rubber makers
Perfume makers Textile resin makers

Plastic makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard for exposure to acrolein is 0.1 ppm (0.25
mg/m?).
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ROUTE OF ENTRY
Inhalation of vapor and percutaneous absorption.

HARMFUL EFFECTS

Local—

In the liquid or pungent vapor form, acrolein produces intense irri-
tation to the eye and mucous membranes of the respiratory tract. Skin
burns and dermatitis may result from prolonged or repeated exposure.
Sensitization in a few individuals may also occur.

Systemic—

Because of acrolein’s pungent, offensive odor and the intense irri-
tation of the conjunctiva and upper respiratory tract, severe toxic ef-
fects from acute exposure are rare, as workmen will not tolerate the
vapor even in minimal concentrations. Acute exposure to acrolein may
cause bronchial inflammation, resulting in bronchitis or pulmonary
edema.

MEDICAL SURVEILLANCE
Preplacement and periodic medical examinations should consider

respiratory, skin, and eye disease. Pulmonary function tests may be
helpful.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Protection in handling and transporting is advocated. Suitable ven-
tilation and protective clothing should be provided for employees work-
ing in areas of possible exposure. Protective respiratory equipment in
areas of vapor concentration.

BIBLIOGRAPHY
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FORMALDEHYDE

DESCRIPTION

HCHO, formaldehyde, is a colorless, pungent gas. It is produced
commercially by the catalytic oxidation of methy! alcohol and sold in
aqueous solution containing 30-50% formaldehyde and from 0-15%
methanol, which is added to prevent polymerization. Formaldehyde
solution is called formalin, formol, or morbicid.

SYNONYMS

Oxomethane, oxymethylene, methylene oxide, formic aldehyde,
methyl aldehyde.
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POTENTIAL OCCUPATIONAL EXPOSURES

Formaldehyde has found wide industrial usage as a fungicide, ger-
micide, and in disinfectants and embalming fluids, It is also used in the
manufacture of artificial silk and textiles, latex, phenol, urea, thiourea
and melamine resins, dyes, and inks, cellulose esters and other organic
molecules, mirrors, and explosives. It is also used in the paper, photo-
graphic, and furniture industries.

A partial list of occupations in which exposure may occur includes:

Anatomists Hide preservers
Biologists Ink makers

Deodorant makers Latex makers
Disinfectant makers Photographic film makers
Embalming fluid makers Textile printers
Formaldehyde resin makers Wood preservers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 3 ppm determined as a TWA. The accep-
table ceiling concentration is 5 ppm with an acceptable maximum peak
above this value of 10 ppm for a maximum duration of 30 minutes.
ACGIH in 1975 recommended a TLV of 2 ppm (3 mg/m*) as a ceil-
ing value. NIOSH has recommended a ceiling of 1 ppm (1.2 mg/m?)
for any 30-minute sampling period.

ROUTE OF ENTRY
Inhalation of gas.

HARMFUL EFFECTS
Local—

Formaldehyde gas may cause severe irritation to the mucous mem-
branes of the respiratory tract and eyes. The aqueous solution splashed
in the eyes may cause eye burns. Urticaria has been reported following
inhalation of gas. Repeated exposure to formaldehyde may cause der-
matitis either from irritation or allergy.

Systemic—

Systemic intoxication is unlikely to occur since intense irritation of
upper respiratory passages compels workers to leave areas of exposure.
If workers do inhale high concentrations of formaldehyde, coughing,
difficulty in breathing, and pulmonary edema may occur. Ingestion,
though usually not occurring in industrial experience, may cause severe
irritation of the mouth, throat, and stomach.

MEDICAL SURVEILLANCE

Consider the skin, eyes, and respiratory tract in any preplacement
or periodic examination, especially if the patient has a history of aller-
gies.
SPECIAL TESTS

None in common use.
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PERSONAL PROTECTIVE METHODS

Prevention of intoxication may be easily accomplished by supplying
adequate ventilation and protective clothing. Barrier creams may also
be helpful. In areas of high vapor concentrations, full protective face
masks with air supply is needed, as well as protective clothing.
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FURFURAL

DESCRIPTION
C.H,O,, furfural, is an aromatic heterocyclic aldehyde with an
amber color and aromatic odor. This liquid is obtained from cereal

straws and brans containing pentosans by hydrolysis and dehydration
with sulfuric acid.

SYNONYMS

Furfurol (a misnomer), furfuraldahyde, artificial ant oil, pyromucic
aldehyde, furol, 2-furaldehyde.

POTENTIAL OCCUPATIONAL EXPOSURES

Furfural is used as a solvent for wood resin, nitrated cotton, cellu-
lose acetate, and gums. It is used in the production of phenolic plastics,
thermosetting resins, refined petroleum oils, dyes, and varnishes. It is
also utilized in the manufacture of pyromucic acid, vulcanized rubber,
insecticides, fungicides, herbicides, germicides, furan derivatives, poly-
mers, and other organic chemicals.

A partial list of occupations in which exposure may occur includes:

Adipic acid makers Lysine makers

Butadiene refiners Metal refiners

Cellulose acetate makers Nylon makers

Disinfectant workers Organic chemical synthesizers
Dye makers Pyromucic acid makers
Herbicide makers Road builders

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (20 mg/m?).

ROUTES OF ENTRY
Inhalation of vapor, percutaneous absorption,



CHEMICAL HAZARDS 191

HARMFUL EFFECTS
Local—

Liquid and concentrated vapor are irritating to the eyes, skin, and
mucous membranes of the upper respiratory tract. Eczematous der-
matitis as well as skin sensitization, resulting in allergic contact der-
matitis and photosensitivity, may develop following repeated exposure.

Systemic—

Workers chronically exposed to the vapor have had complaints of
headache, fatigue, itching of the throat, lacrimation, loss of the sense of
taste, numbness of the tongue, and tremor. Occupational overexposure
is relatively rare due to the liquid’s low vapor pressure, and symptoms
usually disappear rapidly after removal from exposure.

MEDICAL SURVEILLANCE

Consider skin irritation and skin allergies (especially to aldehydes)
in preplacement or periodic examinations. Also consider possible res-
piratory irritant effects.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

Protective clothing and adequate ventilation should be provided in
areas where toxic exposure may occur. In areas of vapor concentra-
tions, fullface masks may be required.
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KETONES

DESCRIPTION

The ketone family includes:
Acetone: CH,COCH,
Diacetone: (CH,),COHCH,COCH,
Methyl ethyl ketone: CH,COCH,CH,
Methyl n-propyl ketone: CH,CH,CH,COCH,
Methyl n-butyl ketone: CH,COCH,CH,CH,CH,
Methyl isobutyl ketone: (CH,),CHCH,COCH,

SYNONYMS

Acetone: 2-Propanone, dimethyl ketone, beta-ketopropane, pyro-
acetic ether.
Diacetone: Diacetone alcohol, diacetonyl alcohol, dimethylacetonyl



192 OCCUPATIONAL DISEASES

carbinol, 4-hydroxy-4 methyl-2-pentanone, 2-methyl-2-pentanol-4-one.
Methy! ethyl ketone: Butanone, 2-butanone, MEK, ethyl methyl
ketone,

Methy! n-propyl ketone: Ethyl acetone, 2-pentanone, MPK.

Methyl n-butyl ketone: n-Butyl methyl ketone, propyl acetone, 2-
hexanone, MBK.

Methyl isobutyl ketone: Hexone, isopropylacetone, 4-methyl-2-pen-
tanone, MIBK.

POTENTIAL OCCUPATIONAL EXPOSURES

This group of ketone solvents has many uses in common. They
are low-cost solvents for resins, lacquers, oils, fats, collodion, cotton,
cellulose acetate, nitrocellulose, cellulose esters, epoxy resins, gums, pig-
ments, dyes, vinyl polymers, and copolymers. They are used as chemi-
cal intermediates, in the manufacture of smokeless powder and explo-
sives, and in the paint, lacquer, varnish, plastics, dyeing, celluloid, photo-
graphic, cement, rubber, artificial silk and leather, synthetic rubber, and
lubricating oil industries. They are also used in hydraulic fluids, metal
cleaning compounds, quick drying inks, airplane dopes, compositions for
paper and textiles, pharmaceuticals, cosmetics, and as paint removers
and dewaxers.

A partial list of occupations in which exposure may occur includes:

Adhesive makers Lacquer and oil processors
Celluloid makers Shoe makers

Dope workers Solvent workers

Dye makers Varnish and stain makers
Explosive makers Wax makers

Garage mechanics

PERMISSIBLE EXPOSURE LIMITS
The Federal standards are:

Acetone 1,000 ppm 2,400 mg/m*
Diacetone 50 ppm 240 mg/m*
Methyl ethyl ketone 200 ppm 590 mg/m*
Methyl n-propyl ketone 200 ppm 700 mg/m*
Methyl n-butyl ketone 100 ppm 410 mg/m*
Methy! isobutyl ketone 100 ppm 410 mg/m*

ROUTES OF ENTRY
Inhalation of vapor, percutaneous absorption.

HARMFUL EFFECTS
Local—

These solvents may produce a dry, scaly, and fissured dermatitis
after repeated exposure. High vapor concentrations may irritate the
conjunctiva and mucous membranes of the nose and throat, producing
eye and throat symptoms.
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Systemic—

In high concentrations, narcosis is produced, with symptoms of
headache, nausea, light headedness, vomiting, dizziness, incoordination,
and unconsciousness.

Recent reports indicate that exposure of workers to methyl n-butyl
ketone has been associated with the development of peripheral neuro-
pathy. Rat experiments have also shown nerve changes characteristic of
peripheral neuropathy after exposure to 1,300 ppm.

MEDICAL SURVEILLANCE

Preplacement examinations should evaluate skin and respiratory
conditions. In the case of methyl n-butyl ketone, special attention should
be given to the central and peripheral nervous systems.

SPECIAL TESTS

Acetone can be determined in the blood, urine, and expired air, and
has been used as an index of exposure. A neurotoxic metabolite of
methyl n-butyl ketone has been found in the rat. This is not present
with methy! isobutyl ketone.

PERSONAL PROTECTIVE METHODS

Contact with skin and eyes should be avoided by the use of pro-
tective clothing. In areas of high vapor concentration, masks should be
used.
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ALIPHATIC HALOGENATED HYDROCARBONS

Halogenated hydrocarbons typically are colorless, volatile liquids
with excellent organic solvent properties. Chemically, they consist of
saturated or unsaturated carbon chains in which one hydrogen atom or
more have been replaced by one or more halogens (fluorine, chlorine,
bromine, or iodine). Hydrocarbons having only one or two halogens
are usually flammable and less toxic than similar hydrocarbons with
complete halogen substitution. Hydrocarbons containing fluorine tend
to be less toxic, while hydrocarbons containing bromine or iodine are
generally more toxic than hydrocarbons containing chlorine. The latter,
chlorinated hydrocarbons, are widely used because of their low cost.

Halogenated hydrocarbons have found wide use as solvents in de-
greasing, dewaxing, drycleaning, and extracting processes. Other uses
are as aerosol propellants, fumigants, insecticides, refrigerants, and
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chemical intermediates for drugs, plastics, and synthetic rubber. Some
of these compounds have been used medically as anesthetics and anthel-
mintics. The toxicologic effects of halogenated hydrocarbons vary from
one compound to another but, generally, most cause central nervous
system depression. Also common to most is the defatting of the skin
which may lead to dermatitis. Upon inhalation of high concentrations
of vapor, liver or kidney injury may occur, but it should be noted that
while some compounds may have no effect, others may affect only one
of these two organs, and still others may affect both. Pulmonary irrita-
tion and damage to the hematopoietic system may also occur after ex-
posure to certain compounds.

Medical surveillance of workers exposed to halogenated hydrocar-
bons should include periodic examinations, including urinalysis to check
for renal damage and appropriate tests for liver dysfunction. Evidence
of acute exposure to chlorinated compounds may be obtained in some
cases by analysis of expired air obtained soon after exposure. If acute
poisoning is suspected, epinephrine should not be used in treatment as
it has been noted that epinephrine injected during narcosis caused by
exposure to certain halogenated solvents may lead to cardiac arrhythmia.

CARBON TETRACHLORIDE

DESCRIPTION

CCl,, carbon tetrachloride, is a colorless, nonflammable liquid with
a characteristic odor. Oxidative decomposition by flame causes phos-
gene and hydrogen chloride to form.

SYNONYMS
Tetrachloromethane, perchloromethane.

POTENTIAL OCCUPATIONAL EXPOSURES

Carbon tetrachloride is used as a solvent for oils, fats, lacquers, var-
nishes, rubber, waxes, and resins. Fluorocarbons are chemically synthe-
sized from it. It is also used as an azeotropic drying agent for spark
plugs, a dry cleaning agent, a fire extinguishing agent, a fumigant, and
an anthelmintic agent. The use of this solvent is widespread, and sub-
stitution of less toxic solvents when technically possible is recommended.

A partial list of occupations in which exposure may occur includes:

Chemists Lacquer makers
Degreasers Metal cleaners

Fat processors Propellant makers
Firemen Refrigerant makers
Fluorocarbon makers Rubber makers
Grain fumigators Solvent workers
Ink makers Wax makers

Insecticide makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (65 mg/m?®) as an 8-hour TWA
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with an acceptable ceiling concentration of 25 ppm; acceptable maxi-
mum peaks above the ceiling of 200 ppm are allowed for one 5-minute
duration in any 4-hour period. NIOSH has recommended a ceiling
limit of 2 ppm based on a 1-hour sampling period at a rate of 750
ml/min.

ROUTES OF ENTRY

Inhalation of vapor. Percutaneous absorption has been demon-
strated in animals.

HARMFUL EFFECTS
Local—

Carbon tetrachloride solvent removes the natural lipid cover of the
skin. Repeated contact may lead to a dry, scaly, fissured dermatitis. Eye
contact is slightly irritating, but this condition is transient.

Systemic—

Excessive exposure may result in central nervous system depres-
sion, and gastrointestinal symptoms may also occur. Following acute
exposure, signs and symptoms of liver and kidney damage may develop.
Nausea, vomiting, abdominal pain, diarrhea, enlarged and tender liver,
and jaundice result from toxic hepatitis. Diminished urinary volume,
red and white blood cells in the urine, albuminuria, coma, and death
may be consequences of acute renal failure. The hazard of systemic
effects is increased when carbon tetrachloride is used in conjunction with
ingested alcohol.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include an evalua-
tion of alcohol intake and appropriate tests for liver and kidney func-
tions. Special attention should be given to the central and peripheral
nervous system, the skin, and blood.

SPECIAL TESTS

Expired air and blood levels may be useful as indicators of ex-
posure.

PERSONAL PROTECTIVE METHODS

Barrier creams, gloves, protective clothing, and masks should be
used as appropriate where exposure occurs.

BIBLIOGRAPHY

Barnes, R., and R. C. Jones. 1967. Carbon tetrachloride poisoning. Am. Ind. Hyg.
Assoc. J. 28:557.

Lewis, C. E. 1961, The toxicology of carbon tetrachloride. J. Occup. Med. 3:82.

Luse, S. A, and W. G. Wood. 1967. The brain in fatal carbon tetrachloride
poisoning. Arch. Neurol. 17:304.

Nielson, V. K., and J. Larsen, 1965. Acute renal failure due to carbon tetrachloride
poisoning. Acta. Med. Scand. p. 178.
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CHLOROFORM

DESCRIPTION

CHCI,, chloroform, is a clear, colorless liquid with a characteristic
odor. Though nonflammable, chloroform decomposes to form hydro-
chloric acid, phosgene, and chlorine upon contact with a flame.

SYNONYMS
Trichloromethane, methenyl chloride.

POTENTIAL OCCUPATIONAL EXPOSURES

Chloroform was one of the earliest general anesthetics, but its use
for this purpose has been abandoned because of toxic effects. Chloro-
form is widely used as a solvent (especially in the lacquer industry); in
the extraction and purification of penicillin and other pharmaceuticals;
in the manufacture of artificial silk, plastics, floor polishes, and fluorocar-
bons; and in sterilization of catgut,

A partial list of occupations in which exposure may occur includes:

Chemists Polish makers
Drug makers Silk synthesizers
Fluorocarbon makers Solvent workers

Lacquer workers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 50 ppm (240 mg/m®*). The ACGIH
recommended 1976 TLV is 25 ppm. NIOSH’s recommended limit is a
ceiling of 2 ppm based on a 1-hour sample collected at 750 1/min.

ROUTE OF ENTRY
Inhalation of vapors.

HARMFUL EFFECTS
Local—
Chloroform may produce burns if left in contact with the skin.

Systemic—

Chloroform is a relatively potent anesthetic at high concentrations.
Death from its use as an anesthetic has resulted from liver damage
and from cardiac arrest. Exposure may cause lassitude, digestive dis-
turbance, dizziness, mental dullness, and coma. Chronic overexposure
has been shown to cause enlargement of the liver and kidney damage.
Alcoholics seem to be affected sooner and more severely from chloro-
form exposure. Disturbance of the liver is more characteristic of ex-
posure than central nervous system depression or renal injury. There is
some animal experimental evidence that suggests chloroform may be a
carcinogen.

MEDICAL SURVEILLANCE
Preplacement and periodic examinations should include appropriate
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tests for liver and kidney functions, and special attention should be given
to the nervous system, the skin, and to the history of alcoholism.

SPECIAL TESTS

Expired air and blood levels may be useful in estimating levels of
acute exposure.

PERSONAL PROTECTIVE METHODS
Protective clothing and gloves should be worn to protect the skin,
and masks should be worn in areas of high vapor concentration.

BIBLIOGRAPHY

Challen, P. J. R, D. E. Hickish, and J. R, Bedford. 1958. Chronic chloroform
intoxication. Br. J. Ind. Med. 15:243.

CHLOROPRENE

DESCRIPTION

H,C=CC,—CH=CH,, chloroprene, is a colorless, flammable
liquid posessing a pungent odor.
SYNONYMS

2-chloro-1,3-butadiene.

POTENTIAL OCCUPATIONAL EXPOSURES
The only major use of chloroprene is in the production of artificial
rubber (neoprene, duprene).
A partial list of occupations in which exposure may occur includes:
Duprene makers
Neoprene makers
Rubber makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 25 ppm (90 mg/m?®). Because of sus-
pected carcinogenic and/or mutagenic potential, the limit may be low-
ered.
ROUTES OF ENTRY

Inhalation of vapor and skin absorption.

HARMFUL EFFECTS
Local—

Chloroprene acts as a primary irritant on contact with skin, con-
junctiva, and mucous membranes and may result in dermatitis, conjunc-
tivitis, and circumscribed necrosis of the cornea. Temporary hair loss
has been reported during the manufacture of polymers.

Systemic—

Inhalation of high concentrations may result in anesthesia and res-
piratory paralysis. Chronic exposure may produce damage to the lungs,
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nervous system, liver, kidneys, spleen, and myocardium. Russian studies
suggest that chloroprene exposure is associated with an increased inci-
dence of cancer of the skin and lungs, but this has not been confirmed.
Fetal effects have been noted in rodents.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include an eval-
uation of the skin, eyes, respiratory tract, and central nervous system.
Liver and kidney function should be evaluated.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

Protective clothing, chemical safety goggles, air-supplied or self-
contained respirators, and safety harnesses should be worn where there
is exposure to the liquid or high concentrations of the vapor.

BIBLIOGRAPHY

Infante, P, F., J. K, Wagoner, and R. J. Young. 1977. Chloroprene: observations
of carcinogenesis and mutagenesis. In; H. H. Hiaff, J. D, Watson, and J. A.
Winston, eds. Origins of Human Cancer. Cold Spring Harbor Press, Cold
Spring Harbor, New York.

Lloyd, J. W., P. Decouflé, and R. W. Moore, Jr, 1975. Background information
on chloroprene. J. Occup. Med. 17:263.

Ritter, W. L., and A. S. Carter. 1948, Hair loss in neoprene manufacture. J. Ind.
Hyg. Toxicol. 30:192.

1,2-DIBROMOETHANE

DESCRIPTION

BrCH,CH,Br, 1,2-dibromoethane, is a colorless nonflammable
liquid with a chloroformlike odor.

SYNONYMS
Ethylene dibromide, ethylene bromide, sym-dibromoethane.

POTENTIAL OCCUPATIONAL EXPOSURES

1,2-Dibromoethane is used principally as a fumigant for ground
pest control and as a constituent of ethyl gasoline. It is also used in
fire extinguishers, gauge fluids, and waterproofing preparations; and it
is used as a solvent for celluloid, fats, oils, and waxes,

A partial list of occupations in which exposure may occur includes:

Antiknock compound makers Gum processors
Cabbage growers Lead scavenger makers
Drug makers Resin makers

Farmers Termite controllers

Fat processors Tetraethyl lead makers
Fire extinguisher makers Wool reclaimers

Fumigant workers
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PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 20 ppm (145 mg/m?®) as an 8-hour TWA
with an acceptable ceiling concentration of 300 ppm; acceptable maxi-
mum peaks above the ceiling of 50 ppm are allowed for 5 minutes dur-
ation.

ROUTES OF ENTRY
Inhalation of the vapor and absorption through the skin.

HARMFUL EFFECTS
Local—

Prolonged contact of the liquid with the skin may cause erythema,
blistering, and skin ulcers. These reactions may be delayed 24-48 hours.
Dermal sensitization to the liquid may develop. The vapor is irritating
to the eyes and to the mucous membranes of the respiratory tract.

Systemic—

Inhalation of the vapor may result in severe acute respiratory in-
jury, central nervous system depression, and severe vomiting. Animal
experiments have produced injury to the liver and kidneys.

MEDICAL SURVEILLANCE

Preemployment and periodic examinations should evaluate the skin
and eyes, respiratory tract, and liver and kidney functions,

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

1,2-Dibromoethane can penetrate most types of rubber and leather
protective clothing, and, therefore, protective clothing made from other
materials should be provided. Masks must be worn in areas with exces-
sive vapor concentrations.

BIBLIOGRAPHY

Olmstead, E. V. 1960. Pathological changes in ethylene dibromide poisoning.
AMA Arch. Indust. Health 21:525.

Rowe, V. K., H. D. Spencer, D. D. McCollister, R. L. Hollingsworth, and E. M.
Adams. 1952. Toxicity of ethylene dibromide determined on experimental
animals. AMA Arch. Indust. Health p. 158.

1,2-DICHLOROETHANE

DESCRIPTION

Cl,CH,CH,Cl, 1,2-dichloroethane, is a colorless, flammable lig-
uid which has a pleasant odor, sweetish taste. .

SYNONYMS

Ethylene dichloride, sym-dichloroethane, ethylene chloride, glycol
dichloride, g-dichloroethane.
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POTENTIAL OCCUPATIONAL EXPOSURES

In recent years, 1,2-dichloroethane has found wide use in t_he manu-
facture of ethyl glycol, diaminoethylene, chloroecholine chloride, poly-
vinyl chloride, nylon, viscose rayon, styrene-butadiene rubber, and var-
ious plastics. It is a solvent for resins, asphalt, bitumen, rubbe_r, oe.llu-
lose acetate, cellulose ester, and paint; a degreaser in the engineering,
textile, and petroleum industries; and an extracting agent for soya bean
oil and caffeine. It is also used as an antiknock agent in gasoline, a
pickling agent, a fumigant, and a drycleaning agent. It has fox_md use in
photography, xerography, water softening, and in the production of ad-
hesives, cosmetics, pharmaceuticals, and varnishes.

A partial list of occupations in which exposure may occur includes:

Adhesive makers Insecticide makers
Bakelite processors Metal degreasers
Camphor workers Ore upgraders
Drycleaners Solvent workers
Exterminators Textile cleaners
Gasoline blenders Vinyl chloride makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 50 ppm (200 mg/m?®) as an 8-hour TWA
with an acceptable ceiling concentration of 100 ppm. Acceptable max-
imum peaks above the ceiling of 200 ppm are allowed for 5 minutes
duration in any 3-hour period.

ROUTES OF ENTRY ) ) o
Inhalation of vapor and skin absorption of liquid.

HARMFUL EFFECTS
Local—

Repeated contact with liquid can produce a dry, scaly, fissured der-
matitis. Liquid and vapor may also cause eye damage.

Systemic—

Inhalation of high concentrations may cause nausea, vomiting, men-
tal confusion, dizziness, and pulmonary edema. Chronic exposure has
been associated with liver and kidney damage.

MEDICAL SURVEILLANCE
Preplacement and periodic examinations should include an eval-
uation of the skin and liver and kidney functions.

SPECIAL TESTS
None commonly used; can be determined in expired air.

PERSONAL PROTECTIVE METHODS

Protective clothing, goggles, and gloves are to be worn. In high
vapor concentrations,use fullface masks and supplied air respirators.
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1,2-DICHLOROETHYLENE

DESCRIPTION ) .
CICH=CHC1, 1,2-dichloroethylene, exists in two isomers, cis

60% and trans 40%. There are variations in toxicity between these
two forms, At room temperature, it is a liquid with a slight acrid, ethereal
odor. Gradual decomposition results in hydrochloric acid formation in
the presence of ultraviolet light or upon contact wth hot metal.

SYNONYMS
Acetylene dichloride, sym-dichloroethylene, 1,2-dichloroethene.

POTENTIAL OCCUPATIONAL EXPOSURES

1,2-Dichloroethylene is used as a solvent for waxes, resins, and
acetyl cellulose. 1t is also used in the extraction of rubber, as a refrig-
erant, in the manufacture of pharmaceuticals and artificial pearls, and
in the extraction of oils and fats from fish and meat,

A partial list of occupations in which exposure may occur includes:

Carbolic acid processors Solvent workers
Drug makers Wax makers
Drycleaners

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 200 ppm (790 mg/m®).

ROUTE OF ENTRY
Inhalation of the vapor.

HARMFUL EFFECTS
Local—
This liquid can act as a primary irritant producing dermatitis and
irritation of mucous membranes.
Systemic—

1,2-Dichloroethylene acts principally as a narcotic, causing central
nervous system depression. Symptoms of acute exposure include dizzi-



202 OCCUPATIONAL DISEASES

ness, nausea and frequent vomiting, and central nervous system intoxi-
cation similar to that caused by alcohol. Renal effects, when they do
occur, are transient.

MEDICAL SURVEILLANCE

Consider possible irritant effects on skin or respiratory tract as well
as liver and renal function in preplacement or periodic examinations.

SPECIAL TESTS

None commonly used; expired air analyses may be useful in de-
tecting exposure.

PERSONAL PROTECTIVE METHODS

Barrier creams and gloves are needed to protect the skin. In high
vapor concentrations, masks and protective clothing are required.

BIBLIOGRAPHY

McBirney, R. S. 1954. Trichloroethylene and dichloroethylene poisoning. AMA
Arch. Ind. Hyg. Occup. Med. 10:130.

ETHYL CHLORIDE

DESCRIPTION

CH;CH,C], ethyl chloride, is a flammable gas with an ethereal
odor, burning taste. It is flammable, and the products of combustion
include phosgene and hydrogen chloride.

SYNONYMS
Monochloroethane, hydrochloric ether, chloroethane, chlorethyl.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethyl chiloride is used as an ethylating agent in the manufacture of
tetraethyl lead, dyes, drugs, and ethyl cellulose. It can be used as a re-
frigerant and as a local anesthetic (freezing).

A partial list of occupations in which exposure may occur includes:

Anesthetists Phosphorus and sulfur processors
Dentists Physicians

Drug makers Refrigeration workers

Ethylation workers Resin makers

Fat and oil processors Sulfur processors

Nurses Tetraethyl lead makers

Perfume makers Wax makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1000 ppm (2600 mg/m®).

ROUTES OF ENTRY
Inhalation of gas and slight percutaneous absorption.
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HARMFUL EFFECTS
Local—

The liquid form of ethyl chloride is mildly irritating to skin and
eyes. Frostbite can occur due to rapid liquid evaporation.

Systemic—

Ethyl chloride exposure may produce headache, dizziness, inco-
ordination, stomach cramps, and eventual loss of consciousness. In high
concentrations, it is a respiratory tract irritant, and death due to cardiac
arrest has been recorded. Renal damage has been reported in animals.
Effects from chronic exposure have not been reported.

MEDICAL SURVEILLANCE

Consider possible acute cardiac effects in any preplacement or pe-
riodic examination.

SPECIAL TESTS
None commonly used. Ethyl chloride is excreted in expired air.

PERSONAL PROTECTIVE METHODS

In high vapor concentrations, use mask with full face protection,
gloves, and protective clothing.

BIBLIOGRAPHY

Von Qettingen, W. F. 1955, The Halogenated Aliphatic, Olefinic, Cyclic, Aro-
matic, and Aliphatic-aromatic Hydrocarbons Including the Halogenated In-
secticides, Their Toxicity and Potential Dangers. Public Health Service Pub-
lication No. 414. U, S. Public Health Service.

FLUOROCARBONS

DESCRIPTION

Chemically, fluorocarbons are hydrocarbons containing fluorine and
include compounds that may contain other halogens in addition to fluo-
rine. Generally, these compounds are colorless, nonflammable gases,
though a few are liquids at room temperature. Decomposition of chlo-
rine-containing fluoromethanes caused by contact with an open flame or
hot metal produces hydrogen chloride, hydrogen fluoride, phosgene,
carbon dioxide, and chlorine.

SYNONYMS

See listing of economically important fluorocarbons under “Permis-
sible Exposure Limits.” Also, Freon® is a trademark for a number of
fluorocarbons used particularly in refrigeration products and equipment.

POTENTIAL OCCUPATIONAL EXPOSURES

The fluorocarbons are used primarily as refrigerants and polymer
intermediates. They are also used as aerosol propellants, anesthetics,
fire extinguishers, foam blowing agents, in drycleaning, and in degreas-
ing of electronic equipment. The fluorocarbons have found wide use
due to their relatively low toxicity.



A partial list of occupations in which exposure may occur includes:

Aerosol bomb workers Metal conditioners
Ceramic mold makers Plastic makers
Drycleaners Pressurized food makers
Drug makers Refrigeration makers
Fire extinguisher workers Rocket fuel makers
Heat transfer workers Solvent workers

PERMISSIBLE EXPOSURE LIMITS

Federal standards for selected fluorocarbons of economic impor-
tance are listed as follows:

Federal Standards
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Compound ppm g/
Bromotrifluoromethane Fluorocarbon 13B1 1,000 6,100
Dibromodifluoromethane Fluorocarbon 12B2 100 860
Dichlorodifluoromethane Fluorocarbon 12 1,000 4,950
Dichloromonofluoromethane Fluorocarbon 21 1,000 4,200
Dichlorotetrafluoroethane Fluorocarbon 114 1,000 7,000
Fluorotrichloromethane Fluorocarbon 11 1,000 5,600
1,1;1,2-Tetrachloro-2,2-difluoroethane 500 4,170
Fluorocarbon 112
1,1,2,2-Tetrachloro-1,2-difluoroethane 500 4,170
Fluorocarbon 112
1,1,2-Trichloro-1,2,2-trifluoroethane 1,000 7,600
Fluorocarbon 113
Bromochlorotrifluoroethane Fluorocarbon 123B1 No Standard
: Chlorodifluoromethane Fluorocarbon 22 No Standard
| (ACGIH TLV of 1,000 ppm)
Chloropentafluoroethane Fluorocarbon 115 No Standard
; Chlorotrifluoroethylene Fluorocarbon 1113 No Standard
‘ Chlorotrifluoromethane Fluorocarbon 13 No Standard
Difluoroethylene Fluorocarbon 1131 No Standard
Fluoroethylene Fluorocarbon 1141 No Standard
Hexafluoropropylene Fluorocarbon 1216 No Standard
Octafluorocyclobutane Fluorocarbon C-318 No Standard
Tetrafluoroethylene Fluorocarbon 1114 No Standard

ROUTE OF ENTRY
Inhalation of vapor or gas.

HARMFUL EFFECTS
Local—

These compounds may produce mild irritation to the upper respira-
tory tract. Dermatitis occurs only rarely. Decomposition products may
also be the cause of these effects.
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Systemic—

Mild central nervous system depression may occur in cases of ex-
posure to very high concentrations of fluorocarbons. Symptoms from
acute exposure may manifest themselves in occasional tremor and in-
coordination. It has been reported that dizziness has resulted from an
exposure to 5% dichlorodifluoromethane and unconsciousness from ex-
posure to 15% . Cardiac arrhythmias, with sudden death, have occurred
from breathing some of these chemicals. Typically, fluorocarbons have
very low levels of toxicity, and their predominant hazard is from simple
asphyxia.

Fluoroalkenes are more toxic than fluoroalkanes. Liver and kidney
damage has been reported to occur from chronic exposure to fluoro-
alkenes, whereas no chronic effects have been reported from fluoroal-
kanes.

MEDICAL SURVEILLANCE

Though these compounds are of a low level of toxicity, they should
not be considered inert. There are no specific diagnostic tests for the
toxic effects occurring at very high concentrations. Preplacement and
periodic examinations should consider possible cardiac effects from
acute exposure.

SPECIAL TESTS

None commonly used. Compounds are usually excreted rapidly in
expired air.

PERSONAL PROTECTIVE METHODS

Simple ventilation can avert acute poisoning. Masks are rarely
needed.

BIBLIOGRAPHY

Imbus, H. R, and C. Adkins. 1972, Physical examinations of workers exposed
to trichlorotrifluoroethane. Arch, Environ. Health 24:257.

Pattison, F. L. M. 1959. Toxic Aliphatic Fluorine Compounds. Elsevier Pub-
lishing Co., Amsterdam and Princeton.

Smith, P. E., Jr. 1971. Human exposure to fluorocarbon 113 (1,1,2-trichloro-
1,2,2-trifluoroethane). Am. Ind. Hyg. Assoc. J. 32:143.

Thyrum, P. T. 1972, Editorial views, Fluorinated hydrocarbons and the heart.
Anesthesiology 36:103.

METHYL AND ETHYL BROMIDE

DESCRIPTION

CH_.Br, methyl bromide, is a colorless, nearly odorless gas. It is
synthesized from sodium bromide, methyl alcohol, and sulfuric acid.

C,HBr, ethyl bromide, is a colorless, volatile, flammable liquid
possessing an etherlike odor, burning taste. It becomes yellowish on
exposure to air. It is produced from potassium bromide, ethyl alcohol,
and sulfuric acid.
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SYNONYMS
Methyl bromide: bromomethane.
Ethyl bromide: bromoethane, monobromoethane, monobromometh-
ane.

POTENTIAL OCCUPATIONAL EXPOSURES

Methyl Bromide: The primary use of methyl bromide is as an in-
sect fumigant for soil, grain, warehouses, mills, ships, etc. It is also used
as a chemical intermediate and a methylating agent, a refrigerant, a her-
bicide, a fire extinguishing agent, a low-boiling solvent in aniline dye
manufactore; for degreasing wool; for extracting oils from nuts, seeds,
and flowers; and in ionization chambers.

Ethyl bromide: This chemical is used as an ethylating agent in
organic synthesis and gasoline, as a refrigerant, and as an extraction
solvent. It has limited use as a local anesthetic.

A partial list of occupations in which exposure may occur includes:

Anesthetists Grain fumigators
Color makers Refrigerant makers
Dye makers Soil fumigators
Fire extinguisher workers Solvent workers
Fruit fumigators Wool degreasers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for methyl bromide is 20 ppm (80 mg/m®)
as a ceiling value. The Federal standard for ethyl bromide is 200 ppm
(890 mg/m?®) as a TWA. The ACGIH recommended TLV for methyl
bromide is 15 ppm (60 mg/m®) as a TWA.

ROUTES OF ENTRY
Inhalation and percutaneous absorption.

HARMFUL EFFECTS
Local—

Methyl bromide is irritating to the eyes, skin, and mucous mem-
branes of the upper respiratory tract. In cases of moderate skin ex-
posure, there may be an itching dermatitis, and in severe cases, vesicles
and second-degree burns. Methyl bromide may be absorbed by leather,
resulting in prolonged skin contact. Repeated or prolonged skin contact
with ethyl bromide may cause irritation.

Systemic—

High concentrations of either methyl or ethyl bromide may cause
lung irritation which may result in pulmonary edema and death. Acute
exposure to methyl bromide may produce delayed effects. Onset of
symptoms is usually delayed from 30 minutes to 6 hours; the first to
appear are malaise, visual disturbances, headaches, nausea, vomiting,
somnolence, vertigo, and tremor in the hands. The tremor may become
more severe and widespread, developing into epileptiform type convul-
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sions followed by coma and death due to pulmonary or circulatory fail-
ure or both, A period of delirium and mania may precede convulsions,
but convulsions have been reported without any other warning symp-
toms. Kidney damage may occur; permanent brain damage may result.

In chronic poisoning, the effects of methyl bromide are usually lim-
ited to the central nervous system: Lethargy; muscular pains; visual,
speech, and sensory disturbances; and mental confusion being the most
prominent complaints. Ethyl bromide exposure has not been associated
with chronic effects other than skin irritation.

MEDICAL SURVEILLANCE

Methyl bromide: Evaluate the central nervous system, respiratory
tract, and skin in preplacement and periodic examinations.
Ethyl bromide: No specific considerations needed.

SPECIAL TESTS

None in common use. Blood bromide levels have been measured
in cases of methyl bromide intoxication, but their value in routine mon-
itoring of exposure has not been established.

PERSONAL PROTECTIVE METHODS

Rubber, not leather, protective clothing should be utilized. When
masks are worn, they should provide full face protection.

BIBLIOGRAPHY

l-lim:,MC(.j H. 1969. Methyl bromide poisoning. A review of ten cases. J. Occup.
ed. 11:1,

Rathus, E. M., and P. J. Landy. 1961. Methyl bromide poisoning Br. J. Ind.
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Von Oettingen, W, F. 1946, The Toxicity and Potential Dangers of Methyl Bro-
mide with Special Reference to Its Use in the Chemical Industry, in Fire
Extinguishers, and in Fumigation. National Institute of Health Bulletin No.
185. U.S. Public Health Service.

METHYL CHLORIDE

DESCRIPTION

CH:Cl, methyl chloride, is a colorless gas possessing a faint, sweet
odor.

SYNONYMS
Monochloromethane, chloromethane.

POTENTIAL OCCUPATIONAL EXPOSURES

Methyl chloride is used as a methylating and chlorinating agent in
organic chemistry. In petroleum refineries it is used as an extractant for
greases, oils, and resins. Methyl chloride is also used as a solvent in
the synthetic rubber industry, as a refrigerant,and as a propellant in
polystyrene foam production. In the past it has been used as a local
anesthetic (freezing).
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A partial list of occupations in which exposure may occur includes:

Acerosol packagers Methyl cellulose makers

Drug makers Polystyrene foam makers

Flavor extractors Refrigeration workers

Low temperature solvent workers Rubber makers

Methylation workers Vapor pressure thermometer makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 100 ppm (210 mg/m*) as an 8-hour TWA,
with an acceptable ceiling concentration of 200 ppm; acceptable maxi-
mum peaks above the ceiling of 300 ppm are allowed for 5 minutes
duration in a 3-hour period.

ROUTE OF ENTRY
Percutanecous absorption.

HARMFUL EFFECTS

Local—

Skin contact with the discharge from the pressurized gas may cause
frostbite, The liquid may damage eyes.

Systemic—

Signs and symptoms of chronic exposure include staggering gait,
difficulty in speech, nausea, headache, dizziness, and blurred vision.
Vomiting has also occurred in some cases. These effects may be ob-
served following a latency period of several hours.

Acute exposure is much like chronic except that the latency period
is shorter and the effects more severe. Coma or convulsive seizures may
occur. Acute poisoning predominantly depresses the central nervous sys-
tem, but renal and hepatic damage may also occur. Recently noted in
these cases is the depression of bone marrow activity. Recovery from
severe exposure may take as long as 2 weeks.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should give careful con-
sideration to a previous history of the central nervous system, and to
renal or hepatic disorders.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS
Masks should be used in areas of high vapor concentrations.

BIBLIOGRAPHY
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METHYLENE CHLORIDE
DESCRIPTION

CHCl,, methylene chloride, is a nonflammable, colorless liquid
with a pleasant aromatic odor noticeable at 300 ppm (this, however,

should not be relied upon as an adequate warning of unsafe concentra-
tions).

SYNONYMS
Dichloromethane, methylene dichloride, methylene bichloride.

POTENTIAL OCCUPATIONAL EXPOSURES

Methylene chloride is used mainly as a low temperature extractant
of substances which are adversely affected by high temperature. It can
be used as a solvent for oil, fats, waxes, bitumen, cellulose acetate, and
esters. It is also used as a paint remover and as a degreaser.

A partial list of occupations in which exposure may occur includes:

Aerosol packagers Leather finish workers
Anesthetic makers Oil processors
Bitumen makers Paint remover makers
Degreasers Resin makers

Fat extractors Solvent workers
Flavoring makers Stain removers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is SO0 ppm (1,740 mg/m*) as an 8-hour
TWA with an acceptable ceiling concentration of 1,000 ppm; acceptable
maximum peaks above the ceiling of 2,000 ppm are allowed for 5 min-
utes duration in a 2-hour period.

Note: The 1976 ACGIH TLV is 200 ppm (720 mg/m®.)

NIOSH has recommended a time-weighted average limit of 75 ppm
in the absence of occupational exposure to carbon monoxide greater
than 9 ppm (TWA). For carbon monoxide exposures greater than 9
ppm, a formula is recommended. NIOSH also recommended a ceiling
limit of 500 ppm as determined by a 15-minute sampling period.

ROUTES OF ENTRY

Inhalation of vapors and percutaneous absorption of ligiud.
HARMFUL EFFECTS
Local—

Repeated contact with methylene chloride may cause a dry, scaly,
and fissured dermatitis. The liquid and vapor are irritating to the eyes
and upper respiratory tract at higher concentrations. If the liquid is
held in contact with the skin, it may cause skin burns.

Systemic—

Methylene chloride is a mild narcotic. Effects from intoxication
include headache, giddiness, stupor, irritability, numbness, and tingling
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in the limbs. Irritation to the eyes and upper respiratory passages oc-
curs at higher dosages. In severe cases, observers have noted toxic en-
cephalopathy with hallucinations, pulmonary edema, coma, and death.
Cardiac arrythmias have been produced in animals but have not been
common in human experiences. Exposure to this agent may cause ele-
vated carboxyhemoglobin levels which may be significant in smokers,
or workers with anemia or heart disease, and those exposed to CO.

MEDICAL SURVEILLANCE

Changes in liver, respiratory tract, and central nervous system
should be considered during preplacement or periodic medical examina-
tions. Smoking history should be known; anemias or cardiovascular dis-
ease may increase the hazard.

SPECIAL TESTS

The metabolism and excretion of methylene chloride has been thor-
oughly studied. Blood and expired air analyses are useful indicators of
exposure. Carboxyhemoglobin levels may be useful indicators of ex-
cessive exposure, especially in nonsmokers.

PERSONAL PROTECTIVE METHODS

Protective clothing, gloves to prevent skin contact, and, in areas of
high concentration, fullface masks.
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PROPYLENE DICHLORIDE

DESCRIPTION

CH,CHCICH,C), propylene dichloride, is a colorless liquid with
a characteristic unpleasant odor.
SYNONYMS

1,2-Dichloropropane, propylene chloride.

POTENTIAL OCCUPATIONAL EXPOSURES

Propylene dichloride is widely used for degreasing and drycleaning;
it is also used as a soil fumigant and in the manufacture of cellulose
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plastics, rubber, waxes, scouring compounds and other manufacture of
organic synthetics.
A partial list of occupations in which exposure may occur includes:

Cellulose plastic makers Organic chemical synthesizers
Drycleaners Rubber makers

Fat processors Scouring compound makers
Fumigant workers Solvent workers

Gum processors Stain removers

Metal degreasers Wax makers

Qil processors

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 75 ppm (350 mg/m?).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

Propylene dichloride may cause dermatitis by defatting the skin.
More severe irritation may occur if it is confined against the skin by
clothing. Undiluted, it is moderately irritating to the eyes, but does not
cause permanent injury.

Systemic—

In animal experiments, acute exposure to propylene dichloride pro-
duced central nervous system narcosis, fatty degeneration of the liver
and kidneys.

MEDICAL SURVEILLANCE
Evaluate the skin and liver and renal function on a periodic basis,
as well as cardiac and respiratory status and general health,

SPECIAL TESTS

None in common use. Propylene dichloride can be determined in
expired air.

PERSONAL PROTECTIVE METHODS
Barrier creams or gloves and protective clothing. Masks in areas
of vapor concentration.

BIBLIOGRAPHY
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of 1,2-dichloropropane (propylene dichloride). 1. Studies on effects of daily
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TETRACHLOROETHANE

DESCRIPTION
CHC1,CHCl,, tetrachloroethane, is a heavy, volatile liquid which
is nonflammable and has a sweetish, chloroform-like odor. Oxidative



212 OCCUPATIONAL DISEASES

decomposition of tetrachloroethane by ultraviolet radiation or by con-
tact with hot metal results in the formation of small quantities of phos-
gene, hydrochloric acid, carbon monoxide, carbon dioxide, or dichloro-
acetyl chloride.

SYNONYMS
1,1,2,2-Tetrachloroethane, sym-tetrachloroethane, acetylene tetra-
chloride, ethanetetrachloride.

POTENTIAL OCCUPATIONAL EXPOSURES

Tetrachloroethane is used as a drycleaning agent, as a fumigant, in
cement, and in lacquers. It is used in the manufacture of tetrachloro-
ethylene, artificial silk, artificial leather, and artificial pearls. Recently,
its use as a solvent has declined due to replacement by less toxic com-
pounds. It is also used in the estimation of water content in tobacco
and many drugs, and as a solvent for chromium chloride impregnation
of furs.

A partial list of occupations in which exposure may occur includes:

Biologists Mineralogists
Drycleaners Oil processors

Fat processors Paint makers
Fumigators Phosphorus processors
Gasket makers Resin makers
Herbicide workers Soil treaters
Insecticide workers Solvent workers
Lacquer workers Varnish workers
Metal cleaners Waxers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 5 ppm (35 mg/m*). NIOSH has recom-
mended a time-weighted average limit of 1 ppm.

ROUTES OF ENTRY

Inhalation of vapor and absorption of liquid through the skin.
There is some evidence that tetrachloroethane absorbed through the skin
affects the central nervous system only.

HARMFUL EFFECTS
Local—

Repeated or prolonged contact with this chemical can produce a
scaly and fissured dermatitis.

Systemic—

Early effects brought on by tetrachloroethane narcotic action in-
clude tremors, headache, a prickling sensation and numbness of limbs,
loss of kneejerk, and excessive sweating. Paralysis of the interossei mus-
cles of the hands and feet and disappearance of ocular and pharyngeal
reflexes have also occurred due to peripheral neuritis which may de-
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velop later. Blood changes include increases in mononuclear leukocytes,
progressive anemia, and a slight thrombocytosis,

Clinical symptoms following these changes are fatigue, headache,
constipation, insomnia, irritability, anorexia, and nausea. Later on, liver
dysfunction may result in complaints of general malaise, drowsiness, loss
of appetite, nausea, an unpleasant taste in the mouth, and abdominal
discomfort. This may be followed by jaundice, mental confusion, stupor
or delirium, hematemesis, convulsions, and purpuric rashes.

Pulmonary edema ascribed to capillary injury has been noted in
severe cases, along with renal damage, though it is not known to what
extent this contributes to the total toxic picture. Nephritis may develop,
and the urine may contain albumin and casts. Fatty degeneration of the
myocardium has been reported only in animal experiments.

MEDICAL SURVEILLANCE

Preplacement and periodic examination should be comprehensive
because of the possible involvement of many systems. Special attention
should be given to liver, kidney, and bone marrow function, as well as
to the central and peripheral nervous systems. Alcoholism may be a
predisposing factor.

SPECIAL TESTS
None commonly used. Blood or breath analyses may be useful.

PERSONAL PROTECTIVE METHODS
Gloves and protective clothing should be worn, and appropriate

respirators or masks should be used in areas of elevated vapor concen-
tration.

BIBLIOGRAPHY
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TETRACHLOROETHYLENE

DESCRIPTION

Cl,C=CC(l,, tetrachloroethylene, is a clear, colorless, nonflam-
mable liquid with a characteristic odor. The odor is noticeable at 50 ppm,
though after a short period it may become inconspicuous, thereby be-
coming an unreliable warning signal.

SYNONYMS
Perchloroethylene, carbon dichloride, ethylene tetrachloride.

POTENTIAL OCCUPATIONAL EXPOSURES

Tetrachloroethylene is a widely used solvent with particular use as
a drycleaning agent, a degreaser, a chemical intermediate, a fumigant,
and medically as an anthelmintic.
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A partial list of occupations in which exposure may occur includes:

Cellulose ester processors Metal degreasers
Degreasers Printers

Dope processors Rubber workers
Drug makers (anthelmintics) Soap workers
Drycleaners Solvent workers
Electroplaters Tar processors

Ether processors Vacuum tube makers
Fumigant workers Wax makers

Gum processors Wool scourers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 100 ppm (670 mg/m?), as an 8-hour TWA
with an acceptable ceiling concentration of 200 ppm; acceptable maxi-
mum peaks above the ceiling of 300 ppm are allowed for 5 minutes
duration in a 3-hour period. NIOSH has recommended a time-weighted
average limit of 50 ppm and a ceiling limit of 100 ppm determined by
15-minute samples, twice daily.

ROUTES OF ENTRY
Inhalation of vapor and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

Repeated contact may cause a dry, scaly, and fissured dermatitis.
High concentrations may produce eye and nose irritation.

Systemic—

Acute exposure to tetrachloroethylene may cause central nervous
system depression, hepatic injury, and anesthetic death. Cardiac ar-
thythmias and renal injury have been produced in animal experiments.
Signs and symptoms of overexposure include malaise, dizziness, head-
ache, increased perspiration, fatigue, staggering gait, and slowing of
mental ability. These usually subside quickly upon removal into the
open air.

MEDICAL SURVEILLANCE

Evaluate skin, and liver and kidney function, as well as central
nervous system. Alcoholism may be a predisposing factor.

SPECIAL TESTS

Breath analyses may be helpful in evaluating exposures.
Workers with preemployment histories of liver, kidney, or nervous
disorders should be advised as to possible increased risk.

PERSONAL PROTECTIVE METHODS

Skin protection in the form of barrier creams, gloves, and protec-
tive clothing should be used. In areas of vapor concentration, fullface
masks should be worn.



CHEMICAL HAZARDS 215

BIBLIOGRAPHY

Gobbato, F., and G. Slavich. 1968. Intossicazione acuta da tetrachloroethano.
Med. Lavoro. 59:667,

Goldi J. H. 1969. Chronic perchloroethylene poisoning. Can, Psychiatr. Assoc.
. 14:627.

Mecker, L. C., and D, K. Phelps. 1966. Liver disease secondary to tetrachloro-
ethylene exposure. J. Am. Med. Assoc. 1971:662.

Meunzer, M., and K. Heder. 1972. Results of an industrial hygiene survey and
medical examinations in drycleaning firms. Zentralbl. Arbeitsmed, 22:133.

Stewart, R. D., E. D. Baretta, H. C. Dodd, and T. R. Torkelson, 1970. Experi-
mental human exposure to tetrachlorocthylene. Arch. Environ. Health 20:224.

1,1,1-TRICHLOROETHANE

DESCRIPTION

CH,CCl,, 1,1,1-trichlorocthane, is a colorless, nonflammable lig-
uid with an odor similar to chloroform. Upon contact with hot metal or
exposure to ultraviolet radiation, it will decompose to form the irritant
gases hydrochloric acid, phosgene, and dichloroacetyltene.

SYNONYMS
Methyl chloroform.

POTENTIAL OCCUPATIONAL EXPOSURES

In recent years, 1,1,1-trichloroethane has found wide use as a sub-
stitute for carbon tetrachloride. In liquid form it is used as a degreaser
and for cold cleaning, dip-cleaning, and bucket cleaning of metals. Other
industrial applications of 1,1,1-trichloroethane’s solvent properties in-
clude its use as a drycleaning agent, a vapor degreasing agent, and a
propellant.

A partial list of occupations in which exposure may occur includes:

Degreasers Metal degreasers
Drycleaners Propellant makers
Machinery cleaners Stain removers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 350 ppm (1,900 mg/m*®). NIOSH has
recommended a 350 ppm ceiling as determined by a 15-minute samp-
ling period.
ROUTES OF ENTRY

Inhalation of vapor and moderate skin absorption,

HARMFUL EFFECTS
Local—

Liquid and vapor are irritating to eyes on contact. This effect is
usually noted first in acute exposure cases. Mild conjunctivitis may
develop but recovery is usually rapid. Repeated skin contact may pro-
duce a dry, scaly, and fissured dermatitis, due to the solvent’s defatting
properties.
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Systemic—
1,1,1-trichloroethane acts as a narcotic and depresses the central

nervous system. Acute exposure symptoms include dizziness, incoordi-
nation, drowsiness, increased reaction time, unconsciousness, and death.

MEDICAL SURVEILLANCE
Consider the skin, liver function, cardiac status, especially arryth-
mias, in preplacement or periodic examinations.

SPECIAL TESTS
Expired air analyses may be useful in monitoring exposure.

PERSONAL PROTECTIVE METHODS

1,1,1-Trichloroethane attacks natural rubber; therefore, protective
clothing of leather, polyvinyl alcohol, or neoprene is recommended. In
areas of high concentrations, fullface masks should be worn.
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1,1,2-TRICHLOROETHANE

DESCRIPTION

CH,CICHCl,, 1,1,2-trichloroethane, is a colorless, nonflammable
liquid, It is an isomer of 1,1,1-trichloroethane but should not be con-
fused with it toxicologically. 1,1,2-Trichloroethane is comparable to
carbon tetrachloride and tetrachloroethane in toxicity.

SYNONYMS
Vinyl trichloride.

POTENTIAL OCCUPATIONAL EXPOSURES
1,1,2-Trichloroethane is used as a chemical intermediate and as a
solvent, but is not as widely used as its isomer 1,1,1-trichloroethane.
A partial list of occupations in which exposure may occur includes:
Organic chemical synthesizers
Solvent makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (45 mg/m®) as a TWA.
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ROUTES OF ENTRY
Inhalation of vapor and absorption through the skin.

HARMFUL EFFECTS
Local—

Irritation to eyes and nose, and infection of the conjunctiva have
been shown in animals.

Systemic—

Little is known of the toxicity of 1,1,2-trichloroethane since no
human toxic effects have been reported. Animal experiments show
1,1,2-trichloroethane to be a potent central nervous system depressant.
The injection of anesthetic doses in animals was associated with both
liver and renal neurosis.

MEDICAL SURVEILLANCE

Consider the skin, central nervous system, and liver and kidney
function. Alcoholism may be a synergistic factor.

SPECIAL TESTS

None commonly used, but expired air analyses may be useful in
monitoring exposure.

PERSONAL PROTECTIVE METHODS

Protective clothing and gloves should be worn. Respirators should
be used in areas of high vapor concentration.

BIBLIOGRAPHY
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TRICHLOROETHYLENE
DESCRIPTION

CICH=CCl,, trichloroethylene, a colorless, nonflammable, non-
corrosive liquid has the “sweet” odor characteristic of some chlorinated
hydrocarbons. Decomposition of trichloroethylene, due to contact with
hot metal or ultraviolet radiation, forms products including chlorine gas,
hydrogen chloride, and phosgene. Dichloroacetylene may be formed
from the reaction of alkali with trichloroethylene.

SYNONYMS
Ethylene trichloride, ethinyl trichloride, trichloroethene.

POTENTIAL OCCUPATIONAL EXPOSURES

Trichloroethylene is primarily used as a solvent in vapor degreasing.
It is also used for extracting caffeine from coffee, as a drycleaning agent,
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and as a chemical intermediate in the production of pesticides, waxes,
gums, resins, tars, paints, varnishes, and specific chemicals such as
chloroacetic acid.

A partial list of occupations in which exposure may occur includes:

Anesthetic makers Metal cleaners
Caffeine processors Qil processors
Cleaners Perfume makers
Disinfectant makers Printers
Degreasers Resin workers
Drug makers Rubber cementers
Drycleaners Shoe makers

Dye makers Soap makers
Electronic equipment cleaners Solvent workers
Fat processors Textile cleaners
Glass cleaners Tobacco denicotinizers
Mechanics Varnish workers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 100 ppm (535 mg/m?*) as an 8-hour TWA
with an acceptable ceiling concentration of 200 ppm; acceptable maxi-
mum peaks above the ceiling of 300 ppm are allowed for S minutes
duration in a 2-hour period. The NIOSH Ciriteria for a Recommended
Standard recommends limits of 100 ppm as a TWA and a peak of 150
ppm determined by a sampling time of 10 minutes.

ROUTES OF ENTRY
Inhalation and percutaneous absorption,

HARMFUL EFFECTS
Local—

Exposure to trichloroethylene vapor may cause irritation of the
eyes, nose, and throat. The liquid, if splashed in the eyes, may cause
burning irritation and damage. Repeated or prolonged skin contact with
the liquid may cause dermatitis.

Systemic—

Acute exposure to trichloroethylene depresses the central nervous
system exhibiting such symptoms as headache, dizziness, vertigo, trem-
ors, nausea and vomiting, irregular heart beat, sleepiness, fatigue, blurred
vision, and intoxication similar to that of alcohol. Unconsciousness and
death have been reported. Alcohol may make the symptoms of trichlo-
roethylene overexposure worse. If alcohol has been consumed, the
overexposed worker may become flushed. Trichloroethylene addiction and
peripheral neuropathy have been reported. Recent reports indicate that
exposure to trichloroethylene may induce liver tumors in mice.

MEDICAL SURVEILLANCE
Preplacement and periodic examinations should include the skin,
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respiratory, cardiac, central, and peripheral nervous systems, as well as
liver and kidney function. Alcohol intake should be evaluated.

SPECIAL TESTS

Expired air analysis and urinary metabolites have been used to
monitor exposure.

PERSONAL PROTECTIVE METHODS

Gloves and protective clothing should be worn, and fullface mask
should be used in areas of excessive vapor concentrations.
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VINYL CHLORIDE

DESCRIPTION

CH,=CHC(], vinyl chloride, is a flammable gas at room tempera-
ture and is usually encountered as a cooled liquid. The colorless liquid
forms a vapor which has a pleasant ethereal odor.

SYNONYMS
Chloroethylene, chloroethene, monochloroethylene.

POTENTIAL OCCUPATIONAL EXPOSURES

Vinyl chloride is used as a vinyl monomer in the manufacture of
polyvinyl chloride and other resins. It is also used as a chemical inter-
mediate and as a solvent.

A partial list of occupations in which exposure may occur includes:

Polyvinyl resin makers
Organic chemical synthesizers
Rubber makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for exposure to vinyl chloride sets a limit of
1 ppm over an 8-hour period, and a ceiling of 5 ppm averaged over any
period not exceeding 15 minutes.

ROUTES OF ENTRY

Vinyl chloride gas is absorbed by inhalation. Skin absorption has
been suggested but experimental evidence is presently lacking.



220 OCCUPATIONAL DISEASES

HARMFUL EFFECTS
Local—

Vinyl chloride is a skin irritant, and contact with the liquid may
cause frostbite upon evaporation. The eyes may be immediately and
severely irritated.

Systemic—

Vinyl chloride depresses the ceatral nervous system causing symp-
toms which resemble mild alcohol intoxication. Lightheadedness, some
nausea, and dulling of visual and auditory responses may develop in
acute exposures. Death from severe vinyl chloride exposure has been
reported.

Chronic exposure of workers involved in reactor vessel entry and
hand cleaning may result in the triad of acro-osteolysis, Raynaud’s phe-
nomenon, and sclerodermatus skin changes. Chronic exposure may also
cause hepatic damage,

Vinyl chloride is regarded as a human carcinogen, and a causal
agent of angiosarcoma of the liver. Excess cancer of the lung and the
lymphatic and nervous systems has also been reported. Experimental
evidence of tumor induction in a variety of organs, including liver, lung,
brain, and kidney, as well as nonmalignant alterations, such as fibrosis
and connective tissue deterioration, indicate the multisystem oncogenic
and toxicologic effects of vinyl chloride.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should emphasize liver
function and palpation. Liver scans and grey-scale ultrasonography have
been useful in detecting liver tumors. Medical histories should include
alcoholic intake; past hepatitis; exposure to hepatotoxic agents, drugs
and chemicals; past blood transfusions; past hospitalizations. Radio-
graphic examinations of the hands may be helpful if acroosteolysis is
suspected. Long term followup of exposed persons is essential as in the
case of other carcinogens.

SPECIAL TESTS
None in common use. Metabolism is being studied.

PERSONAL PROTECTIVE METHODS

Where vinyl chloride levels cannot meet the standard, workers
should be required to wear respiratory protection, either air supplied
respirator or, if the level does not exceed 25 ppm, a chemical cartridge
or cannister type gas mask. In hazard areas, proper protective clothing
to prevent skin contact with the vinyl chloride or polyvinyl chloride
residue should be worn.
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ALIPHATIC AMINES

The aliphatic amines are derivatives of ammonia (NH,) in which
one or more hydrogen atoms are replaced by alkyl or alkanol radicals.
They tend to have a characteristic fishlike ammonia odor in the free
base form.

These compounds are generally prepared by alkylation of ammonia
or hydrogenation of the appropriate nitrite. They are widely used in
industry, particularly as chemical intermediates.

The amines are basic compounds and may form strongly alkaline
solutions which can be highly irritating and cause damage on contact
with eyes and skin. Skin absorption may be significant as many are cap-
able of cutaneous sensitization, Some members of this series may have
physiologic or pharmacologic effects—e.g., histamine liberation and
vasodilation, but, in general, local effects predominate in industrial ex-
posures.

Because of the strong irritant properties of aliphatic amines, eyes,
skin, and respiratory tract should be protected from exposure to them.

N-BUTYLAMINE

DESCRIPTION

CH,-CH,-CH,-CH,-NH,, n-butylamine, is a flammable colorless
‘liquid with an ammoniacal odor.
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|
|
SYNONYMS i
I
1-aminobutane.
POTENTIAL OCCUPATIONAL EXPOSURES

n-Butylamine is used in pharmaceuticals, dyestuffs, rubber, chem-
icals, emulsifying agents, photography, desizing agents for textiles, pes-
ticides, and synthetic agents. ;

A partial list of occupations in Iwhlch exposure may occur includes:

Butylaminophenol makers Insecticide makers
Chemists . Petroleum dewaxers
Drug makers i Rubber makers

Dye makers ' Tanning chemical makers
Emulsifier makers :

i
PERMISSIBLE EXPOSURE LIMITS !
The Federal standard is 5 ppm (15 mg/m®) as a ceiling value.

1

ROUTES OF ENTRY E
Inhalation and percutaneous absorption.

HARMFUL EFFECTS |

Local— }

Butylamine vapor is irritating to the nose, throat, and eyes. Con-
tact with the liquid may produce severe eye damage and skin burns.

Systemic—

Inhalation of concentrations at or above the threshold limit may
produce mild headaches and flushing of the skin and face.

Butylamine vapor has produced pulmonary edema in animal ex-
periments. |

MEDICAL SURVEILLANCE

Evaluate risks of eye or skin jinjury and respiratory irritation in
periodic or placement examinations

SPECIAL TESTS
None have been developed.

PERSONAL PROTECTIVE METHODS,

Protective clothing and goggles 'should be worn where possibility of
skin or eye contact with the liquid |exists. In areas of elevated vapor
concentration, fullface masks with |organic vapor canister or supplied
air respirators and protective clothing should be wom. The odor and
irritation of the mucous membranes |cannot be relied upon for exposure
control.
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ETHANOLAMINES
DESCRIPTION

Monoethanolamine: H.NCH,CH,OH, Diethanolamine: HN{CH.-
CH,0OH), Triethanolamine: N(CH,CH,(OH),. All three compounds
are water soluble liquids. Monoethanolamine has a low vapor pressure
while the vapor pressure of the other ethanolamines is very low. Mono-
ethanolamine and diethanolamine have ammonia odors while triethan-
olamine has only a faint non-ammonia odor. The acid salts have less
odor and are of low volatility. Ethanolamines can be detected by odor
as low as 2-3 ppm.

SYNONYMS

Monocthanolamine: Ethanolamine, 2-aminoethanol, colamine
Diethanolamine: 2,2’-Iminodiethanol
Triethanolamine: 2,2’,2”-Nitrilotriethanol

POTENTIAL OCCUPATIONAL EXPOSURES

Monoethanolamine is widely used in industry to remove carbon
dioxide and hydrogen from natural gas, to remove hydrogen sulfide and
carbonyl sulfide, as an alkaline conditioning agent, and as an inter-
mediate for soaps, detergents, dyes, and textile agents.

Diethanolamine is an absorbent for gases, a solubilizer for 2,4-di-
chlorophenoxyacetic acid (2,4-D), and a softener and emulsifier inter-
mediate for detergents. It also finds use in the dye and textile industry.

Triethanolamine is used as a plasticizer, neutralizer for alkaline
dispersions, lubricant additive, corrosion inhibitor, and in the manufac-
ture of soaps, detergents, shampoos, shaving preparations, face and hand
creams, cements, cutting oils, insecticides, surface active agents, waxes,
polishes, and herbicides.

A partial list of occupations in which exposure may occur includes:

Cement makers Plastic workers
Detergent makers Polish makers
Dye makers Soap makers
Emulsifier makers Surfactant makers
Herbicide makers Textile workers
Insecticide makers 2,4-D makers

Natural gas workers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for monoethanolamine is 3 ppm (6 mg/m?®).
There are no standards for the other compounds.

ROUTES OF ENTRY
Inhalation of vapor and percutancous absorption.
HARMFUL EFFECTS
Local—
Ethanolamine has had wide use in industry, yet reports of injury
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in man are lacking. Ethanolaminé in animal experiments was highly
irritating to the skin, eyes, and re$piratory tract. Diethanolamine and
triethanolamine produced much less irritation. In human experiments,
ethanolamine produced only redness of the skin.

Systemic— i

No specific published data on ‘human exposure are available. Ani-
mal experiments indicate that it is & central nervous system depressant.
Acute high level exposures produced pulmonary damage and non-spe-
cific hepatic and renal lesions in animals.

MEDICAL SURVEILLANCE
Evaluate possible irritant eﬁects on skin and eyes.

I
SPECIAL TESTS i
None in common use. -

PERSONAL PROTECTIVE METHODS
Protective clothing should be worn, and in areas of elevated vapor
concentrations, fuliface masks should be supplied.

BIBLIOGRAPHY

Weeks, M. H,, T. O. Downing, N. P. Musselman, T. R. Carson, and W. A. Groff.
1960. The effects of continuous exposure of animals to ethanolamine vapor.
Am. Ind. Hyg. Assoc. J. 21:374. i

ETHYLENEDIAMINE

DESCRIPTION

H,N-CH.,-CH ,-NH,, ethylened1amme is a strongly alkaline, color-
less, clear, thlck liquid with an ammonia odor.

SYNONYMS
Ethanediamine, 1 2—dlam1noeth$ne

POTENTIAL OCCUPATIONAL EXPOSURES

Ethylenediamine is used as a solvent, an emulsifier for casein and
shellac solutions, a stabilizer in rubber latex, a chemical intermediate in
the manufacture of dyes, corrosion inhibitors, synthetic waxes, fungi-
cides, resins, insecticides, asphalt wetting agents, and pharmaceuticals,
and also in controlling acidity or alkalinity.

A partial list of occupations in which exposure may occur includes:

Albumin processors Fungicide makers
Casein processors Insecticide makers
Drug makers i Oil neutralizers
Dye makers Resin makers
Emulsion workers Rubber makers
Ethylenediamine tetraacetic acid Shellac processors
(EDTA) makers Surfactant makers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (25 mg/m®).

ROUTES OF ENTRY
Inhalation of vapor and percutaneous absorption.

HARMFUL EFFECTS
Local—

Ethylenediamine vapor may cause irritation of the nose and tingling
of the face. Cutaneous sensitivity has been reported.

In animal experiments, the liquid has produced severe irritation of
the eyes and corneal damage. It has also produced severe irritation and
necrosis.

Systemic—

In animal experiments, high concentrations of ethylenediamine
vapor have produced damage to liver, lungs, and kidneys.

MEDICAL SURVEILLANCE

Consider possible irritant ¢ffects on skin, eyes and respiratory sys-
tem. History of- allergic redness of skin or asthmatic symptoms may be
important in placement and periodic examinations.

SPECIAL TESTS
None have been developed.

PERSONAL PROTECTIVE METHODS

Protective clothing, gloves, and goggles should be worn to protect
the skin and eyes. Fullface masks with organic vapor canisters must
be used in areas of high vapor concentrations. Recent reports indicate
that a non-occupational allergic contact dermatitis may develop after
use of pharmaceuticals containing ethylenediamine.

BIBLIOGRAPHY

Dernehl, C. U. 1951. Clinical experiences with exposures to ethylene amines. Ind.
Med. Surg. 20:541.

Epstein, E., and H. 1. Maibach, 1968. Ethylenediamine, allergic contact dermatitis.
Arch. Dermatol. 98:476.

CYANIDES AND NITRILES

This class of compounds contains the —CN group and includes, in
addition to cyanides and nitriles, related chemicals such as cyanogens,
isocyanates, and cyanamides.

Hydrogen cyanide and its soluble salts are rapidly acting poisons.
The cyanide ion when released in the body is capable of inhibiting many
enzymes, the most sensitive being cytochrome oxidase. Deaths from
acute exposure are due to chemical asphyxia at the cellular level.

In high concentrations, nitriles (R-CN) can cause similar symptoms,
but the onset is slower. It is believed that the CN ion is released from
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the nitriles, the rate of release determining the toxicity. In addition,
nitriles may be primary irritants. |

Other —CN derivatives differ in their toxic properties and may not
have the same mechanism of action.

There seems to be a detoxification mechanism for cyanide ion; the
enzyme rhodanese (transulfurase) is the catalyst for the reaction

$,0,~+CN-> SO,~ +SCN~-

in which cyanide ion is converted to thiocyanate ion. Theoretically, this
endogenously produced thiocyanate]may have lesser toxic effects, sim-
ilar to those seen in thiocyanate therapy, at high doses. It is unlikely
that this is of practical signiﬁcanc(‘;, however, because of the minute
quantities of CN— and SCN— jons involved in poisoning cases.
There are several tests of blélogxcal tissues available which are
suitable for diagnostic purposes of acute intoxication but not for routine
medical surveillance. Thiocyanate is excreted in the urine and may be
present in the serum; smokers have @ hlgher thiocyanate level than non-
smokers. Cyanide ion may also be found in blood and tissues.

ACETONITRILE ‘

DESCRIPTION
CH, —CN, acetonitrile, is a colbrless liguid with an ether-like odor.

SYNONYMS 5
Methyl cyanide, ethanenitrile, cyanomethane

POTENTIAL OCCUPATIONAL EXPO&URES

Acetonitrile is used as an extra!_ctant for animal and vegetable oils,
as a solvent, particularly in the pharmaceutical industry, and as a chem-
ical intermediate. !

A partial list of occupations in which exposure may occur includes:
Animal oil processors
Organic chemical synthesizers
Vegetable oil processors

PERMISSIBLE EXPOSURE LIMITS i
The Federal standard is 40 ppm (70 mg/m?®).

ROUTES OF ENTRY
Inhalation and percutaneous absorption.

HARMFUL EFFECTS

At high concentrations, nose and throat irritation have been re-
ported. Splashes of the liquid in thd eyes may cause irritation. Aceto-
nitrile may cause slight flushing of the face and a feeling of chest tight-
ness.
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Systemic—

Acetonitrile has a relatively low acute toxicity, but there have been
reports of severe and fatal poisonings in man after inhalation of high
concentrations. Signs and symptoms may include nausea, vomiting, res-
piratory depression, weakness, chest or abdominal pain, hematemesis,
convulsions, shock, unconsciousness, and death. In most cases there is
a latent period of several hours between exposure and onset of symp-
toms. It has been thought that acetonitrile itself has relatively little toxic
effect and that the delayed response is due to the slow release of cyanide.
No chronic disease has been reported.

MEDICAL SURVEILLANCE

Consider the skin, respiratory tract, heart, central nervous system,
renal and liver function in placement and periodic examinations. A his-
tory of fainting spells or convulsive disorders might present an added
risk to persons working with toxic nitriles.

SPECIAL TESTS

None commonly used. Blood CN can be determined but may be of
little help in evaluating low level exposures.

PERSONAL PROTECTIVE METHODS

Protective clothing should be worn, and in areas of high concentra-
tion, air supplied respirators and complete skin protection are neces-
sary. Workers in these areas must be educated to the nature of aceto-
nitrile hazard. They should also be trained in artificial respiration and
in the use of amyl nitrite antidote in emergency situations.

BIBLIOGRAPHY

Amdur, M. L. 1959. Accidental group exposure to acetonitrile, A clinical study.
J. Occup. Med. 1:627.

Pozzani, U. C., C. P. Carpenter, P. E. Palm, C. S. Weil, and J. H. Nair II. 1959.
11&23?vestigation of the mammalian toxicity of acetonitrile. J. Occup. Med.

Rieders, F., H. Brieger, C. E. Lewis, and M. L. Amdur. 1961, What is the mech-
anism oOf toxic action of organic cyanide? J. Occup, Med. 3:482.

ACRYLONITRILE

DESCRIPTION

CH,=CH-—CN, acrylonitrile, is a colorless liquid with a faint
acrid odor. It is both flammable and explosive.
SYNONYMS

Vinyl cyanide, cyanoethylene, propene nitrile.

POTENTIAL OCCUPATIONAL EXPOSURES

Acrylonitrile is used in the manufacture of synthetic fibers, acry-
lostyrene plastics, acrylonitrile-butadiene styrene plastics, nitrile rub-
bers, chemicals, and adhesives. It is also used as a pesticide.
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!
A partial list of occupations in which exposure may occur includes:

Acrylic resin makers | Rubber makers
Organic chemical synthesizers | Synthetic fiber makers

Pesticide workers I Textile finish makers
|

PERMISSIBLE EXPOSURE LIMITS |
The Federal standard is 20 ppm (45 mg/m®).

ROUTES OF ENTRY |
Inhalation and percutancous absorption. It may be absorbed from
contaminated rubber or leather. |

HARMFUL EFFECTS j

Local—

Acrylonitrile may cause 1rnta110n of the eyes. Repeated and pro-
longed exposure may produce skin irritation. When acrylonitrile is held
in contact with the skin (e.g., after being absorbed into shoe leather or
clothing), it may produce blistering after several hours of no apparent
effect. Unless the contaminated clothing is removed promptly and the
area washed off, blistering will occur.

Systemic—

Acrylomtnle exposure may roduce nausea, vomiting, headache,
sneezing, weakness, and light-headedness. Exposure to high concentra-
‘tions may produce profound weakness, asphyxia, and death.

MEDICAL SURVEILLANCE l

Consider the skin, respn'ator)'f tract, heart, central nervous system,
renal and liver function in placcment and periodic examinations. A
history of fainting spells or convulsive disorders might present an added
risk to persons working with toxic: nitriles.

SPECIAL TESTS i

None commonly used. |
PERSONAL PROTECTIVE METHOﬂS

Leather should not be used in protective clothing since it is readily
penetrated by acrylonitrile. Rubber clothing should be frequently
washed and inspected because it will soften and swell. Acrylonitrile
should be handled with all of the same precautions as taken for hy-
drogen cyanide, and workers’ education should be identical. Liquid
splashed on skin should be immediately washed off. Eyes should be
protected from splash (goggles), and, in areas of vapor concentration,
special cyanide masks or air supplicd masks should be provided. Work-
ers should be trained in artificial respiration and in the use of amyl ni-
trite antidote in emergency situations.

BIBLIOGRAPHY '

Brieger H., F. Reiders, and W. A. Hodes. 1952. Acrylonitrile: spectrophotometric
determmatlon, acute toxicity, and mechanism of action. AMA Arch. Ind.
Hyg. Occup. Med. 6:128.
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Hashimoto, K., and R. Kanai. 1956. Studies on the toxicology of acrylonitrile.
Metabolism mode of action and therapy. Ind. Health 3:30.

Szabo, S., and H. Selye. 1971. Adrenal apoplexy and necrosis produced by acry-
lonitrile. Endokrinologie 57:405.

Wilson, R. H., and W. E. McCormick. 1949. Acrylonitrile — its physiology and
toxicology. Ind. Med. 18:243.

Wolfsie, J. H. 1951. Treatment of cyanide poisoning in industry. AMA Arch.
Ind. Hyg. Occup. Med. 4:417.

CALCIUM CYANAMIDE

DESCRIPTION
NCN=Ca, calcium cyanamide, is a blackish-grey, shiny powder.

SYNONYMS
Nitrolim, calcium carbimide, cyanamide.

POTENTIAL OCCUPATIONAL EXPOSURES

Calcium cyanamide is used in agriculture as a fertilizer, herbicide,
defoliant for cotton plants, and pesticide. It is also used in the manu-
facture of dicyanidamide and calcium cyanide, as a desulfurizer in the
iron and steel industry, and in steel hardening.

A partial list of occupations in which exposure may occur includes:

Ammonia makers Herbicide workers

Cotton defoliant workers Nitrogen compound makers
Cyanamide makers Organic chemical synthesizers
Fertilizer workers Steel workers

PERMISSIBLE EXPOSURE LIMITS

There is no Federal standard for calcium cyanamide. (Note: The
1976 ACGIH TLV was 0.5 mg/m®.)

ROUTE OF ENTRY
Inhalation of dust.

HARMFUL EFFECTS

Local—

Calcium cyanamide is a primary irritant of the mucous membranes
of the respiratory tract, eyes, and skin. Inhalation may result in rhinitis,
pharyngitis, laryngitis, and bronchitis. Conjunctivitis, keratitis, and cor-
neal ulceration may occur. An itchy erythematous dermatitis has been
reported and continued skin contact leads to the formation of slowly
healing ulcerations on the palms and between the fingers. Sensitization
occasionally develops. Chronic rhinitis and perforation of the nasal
septum have been reported after long exposures. All local effects appear
to be due to the caustic nature of cyanamide.

Systemic—

Calcium cyanamide causes a characteristic vasomotor reaction.
There is erythema of the upper portions of the body, face, and arms,
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accompamed by nausea, fatigue, headache dyspnea, vomiting, oppres-
sion in the chest, and shivering. Circulatory collapse may follow in the
more serious cases. The vasomotor response may be triggered or in-
tensified by alcohol ingestion. Pneumonia or lung edema may develop.
Cyamde jon is not released in the body, and the mechanism of toxic
action is unknown.

MEDICAL SURVEILLANCE

Evaluate skin, respiratory tract, and history of alcohol intake in
placement or periodic exammatlons

SPECIAL TESTS !
|

None commonly used.

|
PERSONAL PROTECTIVE METHODS

In addition to personal protéctivc equipment, waterproof barrier
creams may be used to provide additional face and skin protection. Per-
sonal hygiene measures are to be {encouraged, such as showering after
work and a complete change of clothing. In areas of heavy dust con-
centrations, fullface dust masks are recommended.

BIBLIOGRAPHY ’

Buyske, D. A., and V. Downing. 1960. |Spectrophotomet:nc determination of cyan-
amide. Anal. Chem. 32:1798. ;

o-CHLOROBENZYLIDENEg MALONITRILE

DESCRIPTION

CIC,H.CH=C(CN), o-chlorbbenzyhdene malonitrile (OCBM), is
a white crystalline solid.

SYNONYMS .
OCBM, Cs. |

POTENTIAL OCCUPATIONAL EXP68M
OCBM is used as a riot oonttol agent.
A partial list of occupations m whlch exposure may occur includes:
Riot controllers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 0.05 jppm (0.4 mg/m®).

ROUTE OF ENTRY ’
Inhalation. '

HARMFUL EFFECTS |

Local—
OCBM is extremely irritatm% and acts on exposed sensory nerve
endings (primarily in the eyes and upper respiratory tract). The signs
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and symptoms from exposure to the vapor are conjunctivitis and pain
in the eyes, lacrimation, erythema of the eyelids, blepharospasms, irrita-
tion and running of the nose, burning in the throat, coughing and con-
stricted feeling in the chest, and excessive salivation. Vomiting may
occur if saliva is swallowed. Most of the symptoms subside after ex-
posure ceases. Burning on the exposed skin is increased by moisture.
With heavy exposure, vesiculation and erythema occur. Photophobia has
been reported.

Systemic—

Animal experiments indicate that OCBM has a relatively low tox-
icity. The systemic changes observed in human experiments are nonspe-
cific reactions to stress. OCBM is capable of sensitizing guinea pigs;
there also appears to be a cross-reaction in guinea pigs previously sen-
sitized to 1-chloroacetophenone (CN)

MEDICAL SURVEILLANCE

Consideration should be given to the eyes, skin, and respiratory
tract in any placement or periodic evaluations.

SPECIAL TESTS
None have been proposed.

PERSONAL PROTECTIVE METHODS

Because of its extremely irritant properties, those using OCBM in
high concentrations should wear respirators and eye protection.

BIBLIOGRAPHY

Beswick, F. W., P. Hollan, and K. H, Kemp. 1972. Acute effects of exposure to
ortho-chlorobenzylidene malonitrile (CS) and the development of tolerance.
Brit. J. Ind. Med. 29:298.

Chung, C. W,, and A. L. Giles. 1972. Sensitization of guinea pigs to alpha-
chloroacetophenone (CN) and ortho-chlorobenzylidene malonitrile (CS), tear
gas chemicals. J. Immunol. 109:284.

Gass, S., T. L. Fisher, M. J. Jascot, and J. Herban. 1971. Gas-liquid chroma-
tography of some irritants at various concentrations. Anal. Chem. 43:462.

Punte,C. L., E. J. Owens, and P. J. Gutentag. 1963, Exposures to orthochloro-
benzylidene malonitrile. Arch. Environ. Health 6:366.

HYDROGEN CYANIDE

DESCRIPTION

Hydrogen cyanide, a colorless gas or liquid, intensely poisonous,
with the odor of bitter almonds, is highly flammable and explosive and
is a very weak acid. Hydrogen cyanide, HCN (together with its sol-
uble salts), owes its toxicity to the —CN moiety and not to its acid
properties. HCN vapor is released when cyanide salts come in contact
with any acid.

SYNONYMS
Hydrocyanic acid, prussic acid.
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|
POTENTIAL OCCUPATIONAL EXPOSURES
Hydrogen cyanide is used as%a fumigant, in electroplating, and in
chemical synthesis of acrylates and nitriles, particularly acrylonitrile. It
may be generated in blast furnaces, gas works, and coke ovens. Cyanide
salts have a wide variety of uses, including electroplating, steel hard-
ening, fumigating, gold and silver extraction from ores, and chemical
synthesis. |
A partial list of occupations m which exposure may occur includes:

Acid dippers Fumigant workers

Acrylate makers ; Gas workers

Ammonium salt makers Gold extractors

Blast furnace workers i Jewelers

Cellulose product treaters | Organic chemical synthesizers
Coke oven workers i Polish makers

Cyanogen makers ! Silver extractors
Electroplaters Steel workers

PERMISSIBLE EXPOSURE LIMITS ‘

The Federal standard for hydrogen cyanide is 10 ppm (11 mg/m?).
NIOSH has recommended 5 mg/m* expressed as cyanide and deter-
mined as a ceiling concentration based on a 10-minute sampling period.

|
ROUTES OF ENTRY 1
Inhalation of vapor and percutaneous absorption of liquid and con-

centrated vapor.
HARMFUL EFFECTS

Local—

Hydrogen cyanide is a mild upper respiratory irritant and may
cause slight irritation of the nose and throat. There may also be irrita-
tion from skin and eye contact w1th the liquid. Hydrogen cyanide liquid
may cause eye irritation. i
Systemic— l

Hydrogen cyanide is an asphyxiant. It inactivates certain enzyme
systems, the most important being cytochrome oxidase, which occupies
a fundamental position in the respiratory process and is involved in the
ultimate electron transfer to molecular oxygen. Inhalation, ingestion, or
skin absorption of hydrogen cyamdc may be rapidly fatal. Larger doses
may cause loss of consciousness,: cessation of respiration, and death.
Lower levels of exposure may cause weakness, headache, confusion,
nausea, and vomiting. These symptoms may be followed by uncon-
sciousness and death. |
MEDICAL SURVEILLANCE |

Preplacement and periodic ex‘ammatlons should include the cardio-
vascular and central nervous systems, liver and kidney function, blood,
history of fainting or dizzy spells.|
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SPECIAL TESTS

Blood CN levels may be useful during acute intoxication. Urinary
thiocyanate levels have been used but are nonspecific and are elevated
in smokers.

PERSONAL PROTECTIVE METHODS

If personal protective equipment is necessary, air supplied or self-
contained gas masks specific for hydrogen cyanide, and clothing imper-
vious to HCN vapor should be worn. Eye protection can be provided
by fullface respirators or goggles. All personnel working with processes
involving cyanides should be specially trained so that they fully under-
stand the hazard, and so they will faithfully follow all rules laid down
for safe handling.

BIBLIOGRAPHY
AmdllJrézl_}rl. L. 1959. Accidental group exposure to acetonitrile. J. Occup. Med.

Wolfsie, J. H., and C. B. Shaffer. 1959. Hydrogen cyanide—hazards, toxicology
prevcntlon and management of poisoning. J. Occup. Med. 1:281,

ISOCYANATES

DESCRIPTION

Both toluene diisocyanate (TDI) and methylene bisphenyl isocya-
nate (MDI) are liquids and may exist in different isomers: 2,4-toluene
diisocyanate and methylene bisphenyl 4,4’-diisocyanate. Other less com-
monly used isocyanates are hexamethylene diisocyanate (HDI) and
1,5-naphthalene diisocyanate (NDI).

SYNONYMS

Toluene diisocyanate: TDI, tolylene diisocyanate, diisocyanatoto-
luene. Methylene bisphenyl isocyanate: MDI, diphenylmethane diiso-
cyanate, methane diisocyanate.

POTENTIAL OCCUPATIONAL EXPOSURES

TDI is more widely used than MDI. Polyurethanes are formed by
the reaction of isocyanates with polyhydroxy compounds. Since the re-
action proceeds rapidly at room temperature, the reactants must be mixed
in pots or spray guns just before use. These resins can be produced with
various physical properties, e.g., hard, flexible, semirigid foams, and
have found many uses, e.g., upholstery padding, thermal insulation,
molds, surface coatings, shoe innersoles, and in rubbers, adhesives,
paints, and textile finishes. Because of TDI’s high volatility, exposure
can occur in all phases of its manufacture and use. MDI has a much
lower volatility, and problems generally arise only in spray applications.
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A partial list of occupations in which exposure may occur includes:

Adhesive workers i Polyurethane makers
Insulation workers ' Rubber workers
Isocyanate resin workers | Ship burners
Lacquer workers + Textile processors
Organic chemical synthesizers @  Wire coating workers
Paint sprayers ;

PERMISSIBLE EXPOSURE LIMITS i

The Federal standard for MDI is 0.02 ppm (0.2 mg/m?) as a ceil-
ing value. The Federal standard for the 2,4 isomer of TDI is also 0.02
ppm (0.14 mg/mg?) as a ceiling value. However, the standard recom-
mended in the NIOSH Criteria |Document for TDI is 0.005 ppm
(0.036 mg/m*) as a TWA and 0.02 for any 20-minute period.

ROUTE OF ENTRY i
Inhalation of vapor. I

HARMFUL EFFECTS
Local— i

TDI and MDI may cause 1mtatlon of the eyes, respiratory tract,
and skin. The irritation may be 'severe enough to produce bronchitis
and pulmonary edema. Nausea, vomiting, and abdominal pain may oc-
cur. If liquid TDI is allowed to remain in contact with the skin, it may
produce redness, swelling, and blistering. Contact of liquid TDI with
the eyes may cause severe irritation, which may result in permanent
damage if untreated. Swallowing TDI may cause burns of the mouth
and stomach.

Systemic—

Sensitization to TDI and MDI may occur, which may cause an
asthmatic reaction with wheezing, dyspnea, and cough. These symptoms
may first occur durmg the night f¢llowmg exposure to these chemicals.
Some decrease in lung function in the absence of symptoms has been
observed in some workers exposed to TDI for long periods of time.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should include
chest roentgenograph, pulmonary function tests, and an evaluation of
any respiratory disease or history pf allergy. Periodic pulmonary func-
tion tests may be useful in detectmg the onset of pulmonary sensitization.

SPECIAL TESTS
None in common use. !

PERSONAL PROTECTIVE METHOIJ_S

Protective clothing and gogglés should be worn if there is a pos-
sibility of contact with the liquids. |In areas of vapor concentration, full-
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face masks with organic vapor canisters or respirators with supplied air
and fullface pieces should be worn.

BIBLIOGRAPHY
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Longley, E. O. 1964. Methane diisocyanate: A respiratory hazard? Arch. Environ.
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U.S. Department of Health, Education, and Welfare, Public Health Service, Cen-
ter for Disease Control, National Institute for Occupational Safety and
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AROMATIC HYDROCARBONS

Aromatic hydrocarbons are characterized by the presence of the
aromatic nucleus. The basic aromatic nucleus is benzene, C;H,. In ben-
zene, the carbon atoms are arranged as a regular hexagon, with a hy-
drogen atom attached to each of the carbon atoms. The bond between
each of the carbon atoms is neither a single bond nor a double bond, but
an intermediate form of higher stability. (The electronic character of
the benzene nucleus is usually referred to as “resonance.”) The fact
that the bonds are intermediate between single and double results in ail
of the carbon atoms being equivalent. The hydrogen atoms on the aro-
matic nucleus may be replaced by other univalent elements or groups.
Aromatic hydrocarbons encompass compounds that include only carbon
and hydrogen.

Aromatic hydrocarbons have enjoyed wide usage as solvents and
as chemical intermediates. Benzene, the typical aromatic hydrocarbon,
has been replaced as a commercial solvent by toluene and other less
toxic compounds. These chemicals are also used as feedstock for many
organic compounds and are used in the manufacture of fuels, dyes, phar-
maceuticals, plastics, resins, and polyesters.

Typically, the vapor of aromatic hydrocarbons causes central ner-
vous system depression or other effects, and, depending on the com-
pound, hepatic, renal, or bone marrow disorders. Vapor is absorped
through the lungs, and the liquid may be absorbed through the skin. Re-
peated and prolonged skin contact may cause defatting of the skin,
which leads to dermatitis.

BIBLIOGRAPHY

Gerarde, H. W. 1960. Toxicology and Biochemistry of Aromatic Hydrocarbons.
Elsevier Publishing Co., New York.

BENZENE

DESCRIPTION

C,H,, benzene, is a clear, volatile, colorless, highly flammable lig-
uid with a charactersitic odor. The most common commercial grade
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contains 50-100 % benzene, the rerlnainder consisting of toluene, xylene,
and other constituents which distill |be]0w 120 C.

SYNONYMS

Benzol, phenyl hydride, coal naphtha, phene, benxole, cyclohexa-
triene. !

POTENTIAL OCCUPATIONAL EXPqSURES

Benzene is used as a constituent in motor fuels, as a solvent for
fats, inks, oils, paints, plastics, and rubber, in the extraction of oils from
seeds and nuts, and in photogravure printing. It is also used as a chem-
ical intermediate. By alkylation, chlorination, nitration, and sulfonation,
chemicals such as styrene, phenols,,and maleic anhydride are produced.
Benzene is also used in the manufacturc of detergents, explosives, phar-
maceuticals, and dyestuffs, !

A partial list of occupations 1n whlch exposure may occur includes:

Adhesive makers ! Furniture finishers
Asbestos product impregnators Glue makers

Dry-battery makers Linoleum makers
Chemists Maleic acid makers
Benzene hexachloride makers Nitrobenzene makers
Burnishers Petrochemical workers

Carbolic acid makers
Chlorinated benzene workers
Detergent makers

Dye makers

Putty makers
Rubber makers
Styrene makers
Welders

PERMISSIBLE EXPOSURE LIMITS !

The Federal emergency standard for benzene effective May 21,
1977, is 1 ppm for an 8-hour TW'A with 5 ppm as a maximum peak
above the acceptable ceiling for a maxnmum duration of 15 minutes.

ROUTES OF ENTRY

Inhalation of vapor which miy be supplemented by percutaneous
absorption although benzene is podrly absorbed through intact skin.

HARMFUL EFFECTS
Local—

Exposure to liquid and vapof may produce primary irritation to
skin, eyes, and upper respiratory tract. If the liquid is aspirated into
the lung, it may cause pulmonary edema and hemorrhage. Erythema,
vesiculation, and dry, scaly dermatitis may also develop from defatting
of the skin.

Systemic—

Acute exposure to benzene results in central nervous system de-
pression. Headache, dizziness, nausea, convulsions, coma, and death
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may result. Death has occurred from large acute exposure as a result
of ventricular fibrillation, probably caused by myocardial sensitization to
endogenous epinephrine. Early reported autopsies revealed hemor-
rhages (non-pathognomonic) in the brain, pericardium, urinary tract,
mucous membranes, and skin.

Chronic exposure to benzene is well documented to cause blood
changes. Benzene is basically a myelotoxic agent. Erythrocyte, leuko-
cyte, and thrombocyte counts may first increase, and then aplastic
anemia may develop with anemia, leukopenia, and thrombocytopenia.
The bone marrow may become hypo- or hyper-active and may not al-
ways correlate with peripheral blood.

Recent epidemiologic studies along with case reports of benzene
related blood dyscrasias and chromosomal aberrations have led NIOSH
to conclude that benzene is leukemogenic. The evidence is most con-
vincing for acute myelogenous leukemia and for acute erythroleukemia,
but a connection with chronic leukemia has been noted by a few in-
vestigators,

Recent work has shown increases in the rate of chromosomal aber-
ations associated with benzene myelotoxicity. These changes in the
bone marrow are stable or unstable and may occur several years after
exposure has ceased. “Stable” changes may give rise to leukemic clones
and seem to involve chromosomes of the G group.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should be concerned
especially with effects on the blood and bone marrow and with a history
of exposure to other myelotoxic agents or drugs or of other diseases of
the blood. Preplacement laboratory exams should include: (a) com-
plete blood count (hematocrit, hemoglobin, mean corpuscular volume,
white blood count, differential count, and platelet estimation), (b) re-
ticulocyte count, (¢) serum bilirubin, and (d) urinary phenol.

The type and frequency of periodic hematologic studies should be
related to the data obtained from biologic monitoring and industrial hy-
giene studies, as well as any symptoms or signs of hematologic effects.
Recommendations for proposed examinations have been made in the
criteria for a recommended standard. Examinations should also be con-
cerned with other possible effects such as those on the skin, central ner-
vous system, and liver and kidney functions.

SPECIAL TESTS

Biologic monitoring should be provided to all workers subject to
benzene exposure. It consists of sampling and analysis of urine for total
phenol content. The objective of such monitoring is to be certain that
no worker absorbs an unacceptable amount of benzene. Unacceptable
absorption of benzene, posing a risk of benzene poisoning, is considered
to occur at levels of 75 mg phenol per liter of urine (with urine specific
gravity corrected to 1.024), when determined by methods specified in
the NIOSH “Criteria for Recommended Standard - Benzene.” Alter-
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native methods shown to be equivzilent in accuracy and precision may
also be useful. Biological monitoring should be done at quarterly inter-
vals. If environmental sampling and analysis are equal to or exceed
accepted safe limits, the urinary phenol analysis should be conducted
every two weeks. This increased momtormg frequency should continue
for at least 2 months after the hrgh environmental level has been dem-
onstrated. |

Two follow-up urines should be obtained within one week after
receipt of the original results, one at the beginning and the other at the
end of the work week. If original glevated findings are confirmed, im-
mediate steps should be taken to:reduce the worker’s absorption of
benzene by improvement in environmental control, personal protection,
personal hygiene, and administrativé control.

PERSONAL PROTECTIVE METHODd

Protective clothing should be | Iworn at all times; benzene-wetted
clothing should be changed at oncer Impervious clothing and gloves to
cover exposed areas of body should be worn where exposure is con-
tinuous. In areas where there is likelihood of spill or splash, face shields
or gogg]es should be provided. In areas of elevated vapor concentration,
organic vapor cartridge masks or supphed air or self-contained breathing
apparatus may be required. i
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DIPHENYL ;

DESCRIPTION i

C,H,C,H,, diphenyl, is a colorless to light yellow, leaflet solid
with a potent characteristic odor. |

SYNONYMS ’
Biphenyl, phenylbenzene. |
|
POTENTIAL OCCUPATIONAL EXPOSURES
Dipheny! is a fungistat for oranges which is applied to the inside of
shipping containers and wrappers. Iq is also used as a heat transfer agent
and as an intermediate in organic synthesis. Diphenyl is produced by
. thermal dehydration of benzene.
A partial list of occupations in ,Lwhich exposure may occur includes:
Orange packers Fungicide workers
Organic chemical synthesizers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 0.2 ppm (1 mg/m*).

ROUTES OF ENTRY
Inhalation of vapor or dust; percutaneous absorption.

HARMFUL EFFECTS
Local—-

Repeated exposure to dust may result in irritation of skin and res-
piratory tract. The vapor may cause moderate eye irritation. Repeated
skin contact may produce a sensitization dermatitis.

Systemic—

In acute exposure, diphenyl exerts a toxic action on the central
nervous system, on the peripheral nervous system, and on the liver.
Symptoms of poisoning are headache, diffuse gastrointestinal pain,
nausea, indigestion, numbness and aching of limbs, and general fatigue.
Liver function tests may show abnormalities. Chronic exposure is char-
acterized mostly by central nervous system symptoms, fatigue, headache,
tremor, insomnia, sensory impairment, and mood changes. Such symp-
toms are rare, however.

MEDICAL SURVEILLANCE

Consider skin, eye, liver function and respiratory tract irritation in
any preplacement or periodic examination.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Because of its low vapor pressure and low order of toxicity, it does
not usually present a major problem in industry. Protective creams,
gloves, and masks with organic vapor canisters for use in areas of ele-
vated vapor concentrations should suffice. Elevated temperature may
increase the requircment for protective methods or ventilation.

BIBLIOGRAPHY
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lﬁ:la. h1973. Diphenyl poisoning in fruit paper production. Arch. Environ.
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NAPHTHALENE

DESCRIPTION

C,.H,, naphthalene, is a white crystalline solid with a character-
istic “moth ball” odor.
SYNONYMS

Naphthalin, moth flake, tar camphor, white tar.
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|
POTENTIAL OCCUPATIONAL EXPOSURES

Naphthalene is used as a chemical intermediate or feedstock for
synthesis of phthalic, anthranilic, hydroxyl (naphthols), amino (naphthyl-
amines), and sulfonic compounds which are used in the manufacture of
various dyes. Naphthalene is also used in the manufacture of hydro-
naphthalenes, synthetic resins, lampblack, smokeless powder, and cellu-
loid. Naphthalene has been used as a moth repellent.

A partial list of occupations in whlch exposure may occur includes:

Beta naphthol makers . Lampblack makers
Celluloid makers i Moth repellent workers
Coal tar workers i Phthalic anhydride makers
Dye chemical makers © Smokeless powder makers
Fungicide makers ! Tannery workers

Hydronaphthalene makers i Textile chemical makers

PERMISSIBLE EXPOSURE LIMITS |
The Federal standard is 10 ppm (50 mg/m?®).

ROUTE OF ENTRY

Inhalation of vapor or dust. '
|

HARMFUL EFFECTS

Local—

Naphthalene is a primary irritant and causes erythema and der-
matitis upon repeated contact. It i$ also an allergen and may produce
dermatitis in hypersensitive individuals. Direct eye contact with the
dust has produced irritation and cataracts,

Systemic— [

Inhaling high concentrations of naphthalene vapor or ingesting may
cause intravascular hemolysis and J:ts consequences. Initial symptoms
include eye irritation, headache, confusion, excitement, malaise, profuse
sweating, nausea, vomiting, abdommal pain, and irritation of the bladder.
There may be progressive ]aundlce, hematuria, hemoglobinuria, renal
tubular blockade, and acute renal shutdown Hematologic features in-
clude red cell fragmentation, icterus, severe anemia with nucleated red
cells, leukocytosis, and dramatic decreases in hemoglobin, hematocrit,
and red cell count. Individuals witﬂ a deficiency of glucose-6-phosphate
dehydrogenase in erythrocytes are; more susceptible to hemolysis by
naphthalene. 4

MEDICAL SURVEILLANCE !

Consider eyes, skin, blood, liv:er, and renal function in placement
and follow-up examinations. Low erythrocyte glucose 6-phosphate de-
hydrogenase increases risk.

SPECIAL TESTS
None in common use.
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PERSONAL PROTECTIVE METHODS

As used in industry, they are rarely necessary. In dusty areas and
areas of high vapor concentration, dust type or organic vapor canister
masks should be supplied. Skin protection with gloves, barrier creams,
or protective clothing may be useful.

STYRENE/ETHYL BENZENE

DESCRIPTION

C.H,CH=CH,, styrene, is a colorless to yellowish, very refractive,
oily liquid with a penetrating odor,

C,H,C.,H,, ethyl benzene, is a colorless flammable liquid with a
pungent odor.

SYNONYMS

Styrene: Cinnamene, cinnemenol, cinnamol, phenethylene, phenyl-
ethylene, styrene monomer, styrol, styrolene, vinyl benzene.
Ethyl benzene: Ethylbenzol, phenylethane, EB.

POTENTIAL OCCUPATIONAL EXPOSURES

Upon heating to 200 C, styrene polymerizes to form polystyrene, a
plastic. It is also used in combination with 1,3-butadiene or acrylonitrile
to form copolymer eclastomers, butadiene-styrene rubber, and acrylo-
nitrile-butadienestyrene (ABS). It is also used in the manufacture of
resins, polyesters, and insulators,

Ethy! benzene is used in the manufacture of cellulose acetate, sty-
rene, and synthetic rubber. It is also used as a solvent or diluent and as
a component of automotive and aviation gasoline.

A partial list of occupations in which exposure may occur includes:

Adhesive makers Polyester resin laminators
Aviation fuel blenders Polystyrene makers
Emulsifier agent makers Potting compound workers
Fibrous glass moulders Protective coating workers
Insulator makers Resin makers

Lacquer workers Rubber makers

Organic chemical synthesizers Solvent workers

Petroleum refinery workers Varnish makers.

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for styrene for an 8-hour TWA is 100 ppm
(420 mg/m®). The acceptable ceiling concentration is 200 ppm with
an acceptable maximum peak of 600 ppm for a maximum duration of
5 minutes in any 3 hours. The Federal standard for ethyl benzene is
100 ppm (435 mg/m*).

ROUTES OF ENTRY
Inhalation of vapor; percutaneous absorption.
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HARMFUL EFFECTS
Local— :
! .
Liquid and vapor are irritating to the eyes, nose, throat, and skin.

The liquids are low-grade cutaneous irritants, and repeated contact may
produce a dry, scaly, and fissured hermatitis.

Systemic—

Acute exposure to high concegntrations may produce irritation of
the mucous membranes of the upper respiratory tract, nose, and mouth,
followed by symptoms of narcosis, cramps, and death due to respiratory
center paralysis. Effects of short-term exposure to styrene under lab-
oratory conditions include prolonged reaction time and decreased man-
' ual dexterity. ‘

MEDICAL SURVEILLANCE i

Consider possible irritant effects on the skin, eyes, and respiratory
tract in any preplacement or perioﬁic examinations, as well as blood,
liver, and kidney function. !

SPECIAL TESTS |
None in common use. Mandelic acid in urine has been used as a
measure of the intensity of styrene! exposure.

PERSONAL PROTECTIVE METHODSE

Barrier creams or gloves and protective clothing may be all that
are needed where the vapor concentrations do not exceed existing stand-
ards. Where vapor concentration ] exists above allowable standards,
masks with organic vapor canisters|and face plates or respirators with
air supply are recommended. Clothing saturated with styrene or ethyl-
benzene should be changed at once. Personal hygiene is encouraged
with frequent changes of work clothes.

BIBLIOGRAPHY L
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TOLUENE

DESCRIPTION
C,H,CH,, toluene, is a clear, colorless, noncorrosive liquid with
a sweet, pungent, benzene-like odor.

SYNONYMS
Toluol, methylbenzene, phenylmethane, methylbenzol.

POTENTIAL OCCUPATIONAL EXPOSURES
Toluene may be encountered in the manufacture of benzene. It is
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also used as a chemical feed for toluene diisocyanate, phenol, benzyl and
benzyl derivatives, benzoic acid, toluene sulfonates, nitrotoluenes, vinyl
toluene, and saccharin; as a solvent for paints and coatings; or as a
component of automobile and aviation fuels.

A partial list of occupations in which exposure may occur includes:

Auviation fuel blenders, Perfume makers

Benzene makers Petrochemical workers
Chemical laboratory workers Rubber cement makers
Coke oven workers Saccharin makers

Gasoline blenders Solvent workers

Lacquer workers Toluene diisocyanate makers
Paint thinner makers Vinyl toluene makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 200 ppm as an 8-hour TWA with an ac-
ceptable ceiling concentration of 300 ppm; acceptable maximum peaks
above the ceiling of 500 ppm are allowed for 10 minutes duration.
NIOSH has recommended a limit of 100 ppm (TWA) with a ceiling of
200 ppm for a ten minute sampling period.

ROUTES OF ENTRY
Inhalation of vapor and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

Toluene may cause irritation of the eyes, respiratory tract, and skin.
Repeated or prolonged contact with liquid may cause removal of na-
tural lipids from the skin, resulting in dry, fissured dermatitis. The
liquid splashed in the eyes may cause irritation and reversible damage.

Systemic—

Acute exposure to toluene predominantly results in central nervous
system depression. Symptoms and signs include headache, dizziness,
fatigue, muscular weakness, drowsiness, incoordination with staggering
gait, skin paresthesias, collapse, and coma.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should evaluate possible
effect on skin, central nervous system, as well as liver and kidney func-
tion. Hematologic studies should also be done if there is significant con-
tamination of the solvent with benzene.

SPECIAL TESTS

Hippuric acid levels above 5 g/liter of urine may result from ex-
posure greater than 200 ppm determined as a TWA. Blood levels can
also be determined for toluene.

PERSONAL PROTECTIVE METHODS
Where vapor concentration exists above allowable standards, em-
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ployees should be provided with respirators (air supplied) or gas masks
with organic vapor canister and fullface plate. Impervious clothing,
gloves, or other coverings to prott%ct potentially exposed areas of the
body should be supplied to employees in operations requiring continued
exposure to ilquld toluene. Toluene wet clothing should be immediately
removed unless impervious, and work clothing changed at least twice a
week. Safety glasses or goggles should be worn in arcas where splash
or spill is likely.

BIBLIOGRAPHY
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XYLENE

DESCRIPTION i

C,H,(CH,),, xylene, exists m three isomeric forms, ortho-, meta-
and para—xylene Commercial xylene is a mixture of these three isomers
and may also contain ethyl benzene as well as small amounts of toluene,
trimethyl benzene, phenol, thlophene, pyridine, and other non-aromatic
hydrocarbons. Metaxylene is predominant in commercial xylene and
shares physical properties with ortho-xylene in that both are mobile,
colorless, flammable liquids. Para—xylene, at low temperature (13-14 C),
forms colorless plates or prisms.

SYNONYMS |
Xylol, dimethylbenzene. ‘

POTENTIAL OCCUPATIONAL EXPdSURES

Xylene is used as a solvent; as a constituent of paint, lacquers, var-
nishes, inks, dyes, adhesives, cemet.its, cleaning fluids and aviation fuels;
and as a chemical feedstock for xylidines, benzoic acid, phthalic anhy-
dride, isophthalic, and terephthaliciacids, as well as their esters (which
are specifically used in the manufacture of plastic materials and synthetic
textile fabrics). Xylene is also used in the manufacture of quartz crystal
oscillators, hydrogen peroxxde perf‘umes, insect repellants, epoxy resins,
pharmaceuticals, and in the leather industry.

A partial list of occupations int which exposure may occur includes:

Adhesive workers Phthalic anhydride makers

Aviation gasoline workers Polyethylene terephthalate film makers
Benzoic acid makers Quartz crystal oscillator makers
Cleaning fluid makers Solvent workers

Histology technicians Synthetic textile makers

Lacquer workers Terephthalic acid makers

Leather workers Yarnish makers

Paint workers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 100 ppm (435 mg/m®*).

ROUTES OF ENTRY

Inhalation of vapor and, to a small extent, percutaneous absorp-
tion of liquid.

HARMFUL EFFECTS
Local—

Xylene vapor may cause irritation of the eyes, nose, and throat.
Repeated or prolonged skin contact with xylene may cause drying and
defatting of the skin which may lead to dermatitis. Liquid xylene is irri-
tating to the eyes and mucous membranes, and aspiration of few milli-
liters may cause chemical pneumonitis, pulmonary edema, and hemor-
rhage. Repeated exposure of the eyes to high concentrations of xylene
vapor may cause reversible eye damage.

Systemic—

Acute exposure to xylene vapor may cause central nervous system
depression and minor reversible effects upon liver and kidneys. At high
concentrations xylene vapor may cause dizziness, staggering, drowsiness,
and unconsciousness, Also at very high concentrations, breathing xylene
vapors may cause pulmonary edema, anorexia, nausea, vomiting, and
abdominal pain.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should evaluate possible
effects on the skin and central nervous system, as well as liver and kid-
ney functions. Hematalogic studies should be done if there is any sig-
nificant contamination of the solvent with benzene.

SPECIAL TESTS

Although metabolites are known, biologic monitoring has not been
widely used. Hippuric acid or the ether glucuronide of ortho-toluic acid
may be useful in diagnosis of meta-, para- and ortho-xylene exposure,
respectively.

PERSONAL PROTECTIVE METHODS

When vapor concentrations exceed allowable standards, fullface
masks with organic vapor canisters or air supplied respirators should be
furnished. Impervious protective clothing and gloves should be worn to
cover exposed portions of the body of employees exposed to liquid
xylene. Xylene-wet clothing should be changed quickly. Personal hy-
giene, as well as appropriate changes of work clothes, is necessary. Gog-
gles or safety glasses in areas of spill or splash, or in areas where vapors
concentrate, are advised. Barrier creams may be useful.

BIBLIOGRAPHY
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PHENOLS AND PHENOLIC COMPOUNDS

This group of compounds is characterized by the substitution of one
or more hydrogens in a benzene‘ ring by hydroxyl (—OH) groups.
Phenol (C,H,OH) is the simplest of the oompounds Additional sub-
stitutions are possible. Quinone (q H,0,) is included in this group be-
cause it is derived from hydroquinone although its physical, chemical,
and toxic properties are quite different. These substances are widely
distributed in industry and some (e.g., phenolcresol) find use in phar-
maceuticals because of their disinfectant action.

These materials generally enter the body by inhalation and per-
cutaneous absorption. Their toxicity varies, but some are highly irri-
tating to the skin, mucous membranes of the upper respiratory tract,
and eyes. Some are corrosive for all tissue; cresote, a complex mixture
of phenolic and aromatic compounds may cause skin cancer. Systemic
effects usually involve the central nervous or cardio-vascular systems or
both; this may be accompanied byI renal and hepatic damage.

Appropriate engineering controls and personal protective devices
should be used to prevent absorption by either the respiratory or per-
cutaneous route, and eye protection should be utilized where necessary.

CRESOL

DESCRIPTION ;
CH,C,H,OH, cresol, is a mixture of the three isomeric cresols,
ortho-,meta-, and para-cresol, and jis a colorless, yellowish, brownish-yel-

low, or pinkish liquid with a phenolic odor, Creosols are soluble in al-
cohol, glycol, and dilute alkalis. A;lSO they may be combustible.

|

!

SYNONYMS ’
Cresylic acid, cresylol, hydrOtholuene methyl phenol, oxytoluene,

tricresol. |

POTENTIAL OCCUPATIONAL EXPPSURES

Cresol is used as a disinfectant, as an ore flotation agent, and as an
intermediate in the manufacture of chemicals, dyes, plastics, and anti-
oxidants. A mixture of isomers is|generally used; the concentrations of
the components are determined by the source of the cresol.
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A partial list of occupations in which exposure may occur includes:

Antioxidant makers Paint remover workers
Chemical disinfectant workers Pitch workers

Dye makers Plastic makers
Flotation agent makers Resin makers
Foundry workers Stain workers
Insulation enamel workers Wool scourers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (22 mg/m?).

ROUTES OF ENTRY
Inhalation or percutaneous absorption of liquid or vapor.

HARMFUL EFFECTS
Local—

Cresol is very corrosive to all tissues. It may cause burns if it is not
removed promptly and completely and in case of extensive exposure,
if it is not removed completely from contaminated areas of the body very
quickly, death may result. When it contacts the skin, it may not pro-
duce any sensation immediately. After a few moments, prickling and
intense burning occur. This is followed by loss of feeling. The affected
skin shows wrinkling, white discoloration, and softening. Later gan-
grene may occur. If the chemical contacts the eyes, it may cause ex-
tensive damage and blindness. A skin rash may result from repeated or
prolonged exposure of the skin to low concentrations of cresol. Dis-
coloration of the skin may also occur from this type of exposure.

Systemic—

When cresol is absorbed into the body either through the lungs,
through the skin, or mucous membranes, or by swallowing, it may cause
systemic poisoning. The signs and symptoms of systemic poisoning may
develop in 20 or 30 minutes. These toxic effects include: weakness of
the muscles, headache, dizziness, dimness of vision, ringing of the ears,
rapid breathing, mental confusion, loss of consciousness, and sometimes
death.

Prolonged or repeated absorption of low concentrations of cresol
through the skin, mucous membranes, or respiratory tract may cause
chronic systemic poisoning. Symptoms and signs of chronic poisoning
include vomiting, difficulty in swallowing, salivation, diarrhea, loss of
appetite, headache, fainting, dizziness, mental disturbances, and skin
rash. Death may result if there has been severe damage to the liver and
kidneys.

MEDICAL SURVEILLANCE

Consider the skin, eyes, respiratory system, and liver and kidney
function in placement or periodic examinations.
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SPECIAL TESTS |
Can be determined in urine, but because large amounts are nor-
mally present, a urine test is of ]1tt1é value as a procedure for evaluating
exposure.

PERSONAL PROTECTIVE METHODS

Protective goggles and clothing should be worn to prevent direct
contact with cresol. Masks with organic vapor canisters are advisable
in areas of vapor concentration.

BIBLIOGRAPHY
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CREOSOTE

DESCRIPTION

Creosote is a flammable, heavy, oily liquid with a characteristic
sharp, smoky smell, and caustic burning taste. In pure form it is color-
less, but the industrial product is usually brownish. It is produced by
the destructive distillation of wood or coal tar at temperatures above
200 C. The chemical composition js determined by the source and may
contain guaiacol, creosols, phenol, creso]s, pyridine, and numerous other
aromatic compounds.

SYNONYMS
Creosotum, cresote oil, brick oil.

POTENTIAL OCCUPATIONAL EXPOSURES

Creosote is used primarily as a wood preservative, and those work-
ing with the treated wood may be exposed. It is also used as a water-
proofing agent, an animal dip, a constituent in fuel oil, a lubricant for
die molds, as pitch for roofing, and'in the manufacture of chemicals and
lampblack. In the pharmaceutical mdustry, it is used as an antiseptic,
disinfectant, antipyretic, astrmgent | styptic, germicide, and expectorant.

A partial list of occupations in which exposure may occur includes:

Coal tar workers ' Pitch workers
Fuel oil blenders ' Water proofers
Lampblack makers |  Wood preservers

Organic chemical synthesizers }

PERMISSIBLE EXPOSURE LIMITS |
There is no Federal standard 'for creosote.

ROUTE OF ENTRY ;
Skin absorption. :

HARMFUL EFFECTS i

Local—
The liquid and vapors are strong irritants producing local erythema,
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burning, itching, pigmentation (grayish yellow to bronze), vesiculation,
ulceration, and gangrene. Eye injuries include keratitis, conjunctivitis,
and permanent corneal scars. Contact dermatitis is reported in industry.
Photosensitization has been reported. Skin cancer may occur.

Systemic—

Symptoms of systemic illness include salivation, vomiting, vertigo,
headache, loss of pupillary reflexes, hypothermia, cyanosis, convulsions,
thready pulse, respiratory difficulties, and death.

MEDICAL SURVEILLANCE

Consider the skin, eyes, respiratory tract, and central nervous sys-
tem in placement and periodic examination.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

Protective clothing should be worn where employees are exposed
to the liquid or high vapor concentration. Masks with fullface protec-
tion and organic vapor canisters should be worn. Gloves and goggles
are advisable in any area where spill or splash might occur.

BIBLIOGRAPHY
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1745,

HYDROQUINONE

DESCRIPTION
C,H,(OH),, hydroquinone, exists as colorless, hexagonal prisms.

SYNONYMS
Quinol, hydroquinol, p-diphenol, hydrochinone, dihydroxybenzene,
p-dihydroxybenzene, p-hydroxyphenol, 1,4-benzenediol.

POTENTIAL OCCUPATIONAL EXPOSURES

Hydroquinone is a reducing agent and is used as a photographic
developer and as an antioxidant or stabilizer for certain materials which
polymerize in the presence of oxidizing agents. Many of its derivatives
are used as bacteriostatic agents, and others, particularly 2,5-bis(ethyl-
eneimino) hydroquinone, have been reported to be good antimitotic and
tumor-inhibiting agents.

A partial list of occupations in which exposure may occur includes:

Antioxidant makers Organic chemical synthesizers
Bacteriostatic agent makers Photographic developer makers
Drug makers Plastic stabilizer workers

Fur processors Stone coating workers

Motor fuel blenders Styrene monomer workers

Paint makers
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PERMISSIBLE EXPOSURE LIMITS |
The Federal standard is 2 mg/m?.

ROUTE OF ENTRY
Inhalation of dust.

HARMFUL EFFECTS

Local—

The dust is a mild primary irritant. Skin sensitization to the dry
solid is very rare but does occur on occasion from contact with its alka-
line solutions. The skin may be deplgmented by repeated applications
of ointments of hydroquinone, but ithis virtually never occurs from con-
tact with dust or dilute water soluuons Following prolonged exposure
to elevated dust levels, brownish cOnjunctwa stains may appear. These
may be followed by corneal Opacmes and structural changes in the cor-
nea which may lead to loss of visual acuity. The early pigmentary stains
are reversible, while the corneal changes tend to be progressive.

Systemic—

Oral ingestion of large quan{ltles of hydroquinone may produce
blurred speech, tinnitus, tremors, sense of suffocation, vormtmg, mus-
cular twitching, headache, mnvuisxons dyspnea and cyanosis from
methemoglobinemia, and coma and collapse from respiratory failure.
The urine is usnally green or brownish green. No systemic symptoms
have been found following inhalation of hydroquinone dust,

MEDICAL SURVEILLANCE :

Careful examination of the éyes, including visual acuity and slit
lamp examinations, should be carried out in preplacement and periodic
examinations. Also examine skin. i
SPECIAL TESTS l

Hydroqumone is excreted in t’.he urine as a sulfate ester. This has
not been helpful in following worker exposure to dust.

PERSONAL PROTECTIVE METHODP

The eyes should be protected by goggles or dust masks with fulF
face shield. Protective clothing 1s| recommended along with good hy-
giene practice, clothes changing after each shift, and showering prior to
dressing in street clothes. Oxidation of hydroquinone may produce quin-

one vapor which is highly irritating.

BIBLIOGRAPHY |
Anderson, B., and F. Oglesby. 1958. Corneal changes from quinone-hydroquinone
exposure Arch. Ophthalmol. 59:495.

Seutter, E., and A.H.M. Sutorius. 1972, Quantitative analysis of hydroquinone in
urine. Clin. Chim. Acta. 38:231.
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PHENOL

DESCRIPTION

C,H,OH, phenol, is a white crystalline substance with a distinct aro-
matic, acrid odor.

SYNONYMS
Carbolic acid, phenic acid, phenylic acid, phenyl hydrate, hydroxy-
benzene, monohydroxybenzene.

POTENTIAL OCCUPATIONAL EXPOSURES

Phenol is used in the production or manufacture of explosives, fer-
tilizer, coke, illuminating gas, lampblack, paints, paint removers, rubber,
asbestos goods, wood preservatives, synthetic resins, textiles, drugs, phar-
maceutical preparations, perfumes, bakelite, and other plastics (phenol-
formaldehyde resins). Phenol also finds wide use as a disinfectant in
the petroleum, leather, paper, soap, toy, tanning, dye, and agricultural
industries.

A partial list of occupations in which exposure may occur includes:

Coal tar workers Paint and paint remover workers
Disinfectant makers Paper makers

Dye workers Rubber reclaimers

Explosive workers Soap workers

Fertilizer makers Tannery workers

INluminating gas workers Weed killer users

Lampblack makers Wood preservers

Organic chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (19 mg/m?®).

ROUTES OF ENTRY

Inhalation of mist or vapor; percutaneous absorption of mist, vapor,
or liquid.

HARMFUL EFFECTS
Local—

Phenol has a marked corrosive effect on any tissue. When it comes
in contact with the eyes it may cause severe damage and blindness. On
contact with the skin, it does not cause pain but causes a whitening of
the exposed area. If the chemical is not removed promptly, it may cause
a severe burn or systemic poisoning.

Systemic——

Systemic effects may occur from any route of exposure. These in-
clude paleness, weakness, sweating, headache, ringing of the ears, shock,
cyanosis, excitement, frothing of the nose and mouth, dark colored urine,
and death. If death does not occur, kidney damage may appear.
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Repeated or prolonged expoéure to phenol may cause chronic
phenol poisoning. This condition isivery rarely reported. The symptoms
of chronic poisoning include vomiting, difficulty in swallowing, diarrhea,
lack of appetite, headache, fainting, dizziness, dark urine, mental dis-
turbances, and possibly, skin rash. | Liver and kidney damage and dis-
coloration of the skin may occur. |
MEDICAL SURVEILLANCE |

Consider the skin, eye, liver, and renal function as part of any pre-
placement or periodic examination. |

SPECIAL TESTS |
Phenol can be determined in blood or urine.

PERSONAL PROTECTIVE METHOD!JS

In areas where there is hkehhood of a liquid spill or splash, im-
pervious protective clothing and gcggles should be worn. In areas of
heavy vapor concentrations, fullface mask with forced air supply should
be used, as well as protective clothir?g, gloves, rubber boots, and apron.

BIBLIOGRAPHY

American Industrial Hygiene Assoclatwn 1969. Community air quality guides.
Phenol and cresol. Am. Ind. Hyg. xAssoc. J. 30:425,

Evans, S. J. 1952, Acute phenol poisoning. Br. J. Ind. Med. 9:227.

Piotrowski, J. K. 1971. Evaluation of éxposure to phenol: absorption of phenol
vapor in the lungs and through the skin and excretion of phenol in urine.
Br. J. Ind. Med. 28:172.

QUINONE |

DESCRIPTION |
C,H,O,, quinone, exists as large yellow, monoclinic prisms; the
vapors have a pungent, irritating odor.
SYNONYMS |
|
Benzoquinone, chinone, p-benzoquinone, 1.4-benzoquinone

POTENTIAL OCCUPATIONAL EXPdSURES

Because of its ability to reactjwith certain nitrogen compounds to
form colored substances, quinoneJ is widely used in the dye, textile,
chemical, tanning, and cosmetic industries. It is used as an intermediate
in chemical synthesis for hydroquinone and other chemicals.

A partial list of occupations in which exposure may occur includes:

Chemical laboratory workers Organic chemical synthesizers
Cosmetic makers Photographic film developers
Dye makers Protein fiber makers

Gelatin makers Tannery workers

Hydrogen peroxide makers Textile workers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 0.1 ppm (0.4 mg/m®).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

Solid quinone in contact with skin or the lining of the nose and
throat may produce discoloration, severe irritation, swelling, and the
formation of papules and vesicles, Prolonged contact with the skin may
cause ulceration. Quinone vapor is highly irritating to the eyes. Fol-
lowing prolonged exposure to vapor, brownish conjunctival stains may
appear. These may be followed by comeal opacities and structural
changes in the cornea and loss of visual acuity. The early pigmentary
stains are reversible, while the corneal dystrophy tends to be progressive.

Systemic—

No systemic effects have been found in workers exposed to quinone
vapor over many years.

MEDICAL SURVEILLANCE

Careful examination of the eyes, including visual acuity and slit
lamp examinations, should be done during placement and periodic
examinations. Also evaluate skin.

SPECIAL TESTS

No useful laboratory tests for monitoring exposure have been de-
veloped.

PERSONAL PROTECTIVE METHODS

In areas of high vapor concentrations, protection must be aimed at
the eyes and respiratory tract. Fullface mask with organic vapor can-
isters or respirators with forced air afford protection. The skin can be
damaged by contact with solid quinone, solutions, or vapor condensing
on the skin, so protective clothing, gloves, and boots are indicated. Per-
sonal hygiene is encouraged, with clothes being changed after each shift
or after becoming damp from contact with the liquid. Workers should
shower before changing to street clothes.

BIBLIOGRAPHY

Anderson, B,, and F. Oglesby. 1959, Corneal changes from quinone-hydroquinone
exposure. Arch. Ophthalmol. 59:495.

AROMATIC HALOGENATED HYDROCARBONS

Aromatic compounds having a halogen bearing side chain are ex-
tensively used in the manufacture of basic and acid colors, pharmaceu-
ticals, pesticides, resins, and as chemical intermediates. The vapor and
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liquid of some of these compounds are highly irritating to all mucous
membranes and skin, and some are: powerful lacrimators.

The chlorinated naphthalenes and diphenyls produce a severe and
disfiguring acne on skin contact. Percutaneous absorption and inhalation
of vapor may lead to severe liver damage in certain instances.

With exception of the chlorinated benzenes, the more highly chlo-
rinated the compound, the greater the toxicity.

|
BENZYL CHLORIDE
DESCRIPTION |

C.H,CH,CI, benzyl chloride is 3'1 colorless liquid with an unpleasant,
irtitating odor. :

SYNONYMS |
Alpha-chlorotoluene. !

POTENTIAL OCCUPATIONAL EXPOSURES
Benzyl chloride is used in production of benzal chloride, benzyl al-
cohol, and benzaldehyde. Industrial usage includes the manufacture of
plastics, dyes, synthetic tannins, peifumes, resins, and pharmaceuticals.
A partial list of occupations in ‘which exposure may occur includes:

Drug makers . Plastic makers

Dye makers ;  Resin makers
Gasoline additive makers . Rubber makers
Germicide makers | Tannin makers
Perfume makers | Wetting agent makers

Photographic developer makers

PERMISSIBLE EXPOSURE LIMITS |
The Federal standard is 1 ppm (5 mg/m?).

ROUTE OF ENTRY

|
Inhalation of vapor. i

HARMFUL EFFECTS i
Local— 5

Benzyl chloride is a severe irritant to the eyes and respiratory tract.
At 160 mg/m? it is unbearably irritating to the eyes and nose. Liquid

contact with the eyes produces severe irritation and may cause corneal
injury. Skin contact may cause dermatitis.

Systemic— |

Benzyl chloride is regarded as a potential cause of pulmonary
edema. One author has reported disturbances of liver functions and mild
leakopenia in some workers, but this has not been confirmed. Sarcomas
have been produced in rats which were injected with benzyl chloride.
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MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include the skin,
eyes, and an evaluation of the liver, kidney, respiratory tract, and blood.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Personal protective equipment should include industrial filter res-
pirators with goggles, and protective clothing for face, hands, and arms.

BIBLIOGRAPHY

Mikhailova, T. V. 1965. Comparative toxicity of chloride derivatives of toluene:
benzyl chloride, benzal chloride, and benzotrichloride. Gig. Tr. Prof. Zabol.
8:14. (Translation published in 1965. Fed. Proc. (Trans, Suppl) 24:877.)

CHLORODIPHENYLS AND DERIVATIVES

DESCRIPTION

C,,H,,-:Cl,, Chlorodiphenyls, are diphenyl rings in which one or
more hydrogen atoms are replaced by a chlorine atom. Most widely used
are chlorodiphenyl (42 % chlorine), containing 3 chlorine atoms in un-
assigned positions, and chlorodiphenyl (54% chlorine) containing 5
chlorine atoms in unassignéd positions. These compounds are light,
straw-colored liquids with typical chlorinated aromatic odors; 42%
chlorodiphenyl is a mobile liquid and 549% chlorodiphenyl is a viscous
liquid.

Chlorinated diphenyl oxides are ethers of chlorodiphenyls and are
included in this group. They range from clear, oily liquids to white to
yellowish waxy solids, depending on the degree of chlorination.

SYNONYMS
Chlorobiphenyls, polychlorinated diphenyl, PCB.

POTENTIAL OCCUPATIONAL EXPOSURES

Chlorinated diphenyls are used alone and in combination with
chlorinated naphthalenes. They .are stable, thermoplastic, and non-flam-
mable, and find chief use in insulation for electric cables and wires in
the production of electric condensers, as additives for extreme pressure
lubricants, and as a coating in foundry use.

A partial list of occupations in which exposure may occur includes:

Cable coaters Plasticizer makers
Dye makers Resin makers
Electric equipment makers Rubber workers
Herbicide workers Textile flameproofers
Lacquer makers Transformer workers
Paper treaters Wood preservers

PERMISSIBLE EXPOSURE LIMITS
The Federal standards for dichlorophenyl (42%) and dichloro-
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diphenyl (54% ) are 1 mg/m? and}O.S mg/m® respectively.

ROUTES OF ENTRY
Inhalation of fume or vapor and percutaneous absorption of liquid.

HARMFUL EFFECTS !
Local— '

Prolonged skin contact with its fumes or cold wax may cause the
formation of comedones, sebaceous "cysts, and pustules, known as chlor-
acne. Irritation to eyes, nose, and! throat may also occur. The above
standards are considered low enough to prevent systemic effects, but it is
not known whether or not these Ie\j(els will prevent local effects.

Systemic—- '

Generally, toxic effects are dependent upon the degree of chlorina-
tion; the higher the degree of substitution, the stronger the effects. Acute
and chronic exposure can cause hver damage Signs and symptoms in-
clude edema, jaundice, vomiting, anorexna, nausca, abdominal pains, and
fatigue.

Studies of accidental oral mtake indicate that chlorinated diphenyls
are embryotoxic, causmg stillbirth, h characteristic grey-brown skin, and
increased eye discharge in infants born to women exposed during preg-
nancy. i

|
MEDICAL SURVEILLANCE

Placement and periodic examihations should include an evaluation
of the skin, lung, and liver functlon Possible effects on the fetus should
be considered.

SPECIAL TESTS |
None in common use. i

PERSONAL PROTECTIVE METHODS

Protection of exposed skin sh(fmld be encouraged, since the above
standards may not be low enough tp prevent chloracne. Barrier creams,
protective clothing, and good personal hygiene are good protective meas-
ures. Respirators should be used in areas of vapor concentration.

i
BIBLIOGRAPHY ;

Meigs, J. W, J. 1. Albom, and B. L. Kartin. 1954. Chloracne from an unusuval
exposure to arochlor. J. Am. Med.| Assoc. 154:1417.

Peakall, D. B. 1972. Polychlorinated dlphenyls occurrence and biological effects.
Resndue Rev. 44:1. i

CHLORINATED BENZENES
|

DESCRIPTION
Chlorinated benzenes are aromatic rings with one or more chlorines
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substituted for a hydrogen. Included in this group are:

Chlorobenzene: phenyl chloride, monochlorobenzene, chlorobenzol.

o-dichlorobenzene: 1,2-dichlorobenzene

m-dichlorobenzene: 1,3-dichlorobenzene.

p-dichlorobenzene: 1,4-dichlorobenzene.

1,2,3-trichlorobenzene; None.

1,2,4-trichlorobenzene: None.

1,3,5-trichlorobenzene : None.

1,2,4,5-tetrachlorobenzene: None.

Hexachlorobenzene: perchlorobenzene.

Compounds with only a few chlorines are usually colorless liquids
at room temperature and have an aromatic odor. The more highly sub-
stituted compounds are crystals (typically monoclinic),

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES

Chlorobenzene is used as a solvent and as an intermediate in dye-
stuffs. o-Dichlorobenzene is used as a solvent, fumigant, insecticide, and
chemical intermediate. p-Dichlorobenzene finds use as an insecticide,
chemical intermediate, disinfectant and moth preventative. Other chlo-
rinated benzenes are not as widely used in industry but find use as chem-
ical intermediates, and to an even lesser extent, as insecticides and sol-
vents.

A partial list of occupations in which exposure may occur includes:

Cellulose acetate workers Insecticide makers and workers
Deodorant makers Lacquer workers

Disinfectant workers Organic chemical synthesizers
Dyers Paint workers

Dye makers Resin makers

Fumigant workers Seed disinfectors

PERMISSIBLE EXPOSURE LIMITS
The Federal standards are:

chlorobenzene 75 ppm 350 mg/m®
o-dichlorobenzene 50 ppm 300 mg/m*
p-dichlorobenzene 75 ppm 450 mg/m?

Threshold limit values for the other compounds have not as yet
been established.

ROUTES OF ENTRY

Inhalation of vapor, percutaneous absorption of the liquid.
HARMFUL EFFECTS
Local—

Chlorinated benzenes are irritating to the skin, conjunctiva, and
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|
mucous membranes of the upper respiratory tract. Prolonged or repeated
contact with liquid chlorinated benzenes may cause skin burns.

Systemic— i

In contrast to aliphatic halogénated hydrocarbons, the toxicity of
chlorinated benzenes generally decreases as the number of substituted
chlorine atoms increases. Basically, acute exposure to these compounds
may cause drowsiness, incoordination, and unconsciousness. Animal
exposures have produced liver damage.

Chronic exposure may result in liver, kidney, and lung damage as
indicated by animal experiments. !

|
MEDICAL SURVEILLANCE |

Preplacement and periodic exahinaﬁons should consider skin, liver,

lung, and kidney.

SPECIAL TESTS

None commonly used. Unnary excretion of 2,5-dichlorophenol
may be useful as an index of exposure.

PERSONAL PROTECTIVE METHODS

Barrier creams, protective clothing, and good personal hygiene are
good preventive measures. Respirators in areas of vapor concentrations
are advised. ’

I
BIBLIOGRAPHY !
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|

CHLORINATED NAPH TH/#LENES

DESCRIPTION ’

C,(H~Cl , the chlorinated naphthalenes,are naphthalenes in which
one or more hydrogen atoms have been replaced by chlorine to form
wax-like substances, beginning with monochloronaphthalene and going
on to the octochlor derivatives. 'I‘I::eir physical states vary from mobile
liquids to waxy-solids depending on the degree of chlorination.
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SYNONYMS
Chloronaphthalenes

POTENTIAL OCCUPATIONAL EXPOSURES

Industrial exposure from individual chlorinated naphthalenes is
rarely encountered; rather it usually occurs from mixtures of two or more
chlorinated naphthalenes. Due to their stability, thermoplasticity, and
nonflammability, these compounds enjoy wide industrial application.
These compounds are used in the production of electric condensers, in
the insulation of electric cables and wires, as additives to extreme pres-
sure lubricants, as supports for storage batteries, and as a coating in
foundry use.

A partial list of occupations in which exposure may occur includes:

Cable coaters Rubber workers
Condenser impregnators Solvent workers
Electric equipment makers Transformer workers
Insecticide workers Wire coaters
Petroleum refinery workers Wood preservers

Plasticizer makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standards are:

Trichloronaphthalene 5.0 mg/m? Set I
Tetrachloronaphthalene 2 mg/m* Set |
Pentachloronaphthalene 0.5 mg/m* Set G
Hexachloronaphthalene 0.2 mg/m* Set H

ROUTES OF ENTRY
Inhalation of fumes and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

Chronic exposure to chlorinated naphthalenes can cause chloracne,
which consists of simple erythematous eruptions with pustules, papules,
and comedones. Cysts may develop due to plugging of the sebaceous
gland orifices.

Systemic—

Cases of systemic poisoning are few in number and they may occur
without the development of chloracne.

It is believed that chloracne develops from skin contact and inhala-
tion of fumes, while systemic effects result primarily from inhalation of
fumes. Symptoms of poisoning may include headaches, fatigue, vertigo,
and anorexia. Jaundice may occur from liver damage. Highly chlorin-
ated naphthalenes seem to be more toxic than those chlorinated naph-
thalenes with a lower degree of substitution.
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MEDICAL SURVEILLANCE |
Preplacement and periodic examinations should be concerned par-
ticularly with skin lesions such as chloracne and with liver function.

SPECIAL TESTS
None are in common use.

i

PERSONAL PROTECTIVE ME’I’HODSI

Skin contact should be avoxded whenever possible. Barrier creams,
protective clothing, and good personal hygiene are all good preventlve
measures. Use of respirators in areas of vapor concentration is advised.

BIBLIOGRAPHY

Kleinfeld, M., J. Messite, R. Swenclc{u 1972. Clinical effects of chlorinated
naphtha]ene exposure. J. Occup. Med. 14:377,

Mayers, M. R., and M. G. Silverberg.|1938. Effects upon the skin due to ex-
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Mayers, M. R. and A. R. Smith, 1942 Systemic effects from exposure to cer-
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1
AROMATIC AMINES

The aromatic amines are aromatic hydrocarbons in which at least
one hydrogen atom has been replaced by an amino (—NH2) group.
The hydrogen atoms in the amind group may be replaced by aryl or
alkyl groups, glvmg rise to secondary and tertlary amino compounds.
The aromatic amines are mfrequently formed in nature although they
do occur, e.g., anthranilic acid esters in grapes. They are generally
synthesized by nitration of the arpmatic hydrocarbon with subsequent
reduction to the amine; an alternate method is by reaction of ammonia
and a chloro- or hydroxy—hydrocarbon Their most important uses are
as intermediates in the manufacture of dyestuffs and pigments; however,
they are also used in the chemxcal textile, rubber, dyeing, paper, and
other industries.

Most of the aromatic amines in the free base form are readily ab-
sorbed through the skin in addltlon to the respiratory route. The amino
salts have a lower lipid so]ubllity and therefore, a lower amount of skin
absorption. The two major toxic effects of these compounds are methe-
moglobinemia and cancer of the hnnary tract. Other effects may be
hematuria, cystitis, anemia, and skin sensitization.

Several of the aromatic amines have been shown to be carcinogenic
in humans or animals or both. Occupatlonal tumors of the bladder were
recognized in the dyestuff industry | as early as 1895. The most common
site of cancer is the bladder, but cancer of the pelvis, ureter, kidney, and
urethra do occur. It is thought f,hat bladder cancer results from the
presence of an active metabolite(s)| of the amino compound in the urine,
which acts on the bladder epithelium. Several of these metabolites have
been identified and have been shown to have carcinogenic properties by
implantation in mouse bladders. Man and the dog seem to be more sus-
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ceptible to bladder tumors, suggesting a similarity in metabolism of the
aromatic amino compounds.

The minimum exposure which produces cancer is not known. There
are documented cases of tumors with exposures of less than one year;
however, the latent period from first exposure to the development of
tumors is usually long and ranges from 4 to over 40 years, with a mean
of about 20 years. Bladder tumors are also relatively common in un-
exposed populations, and the incidence is considerably increased in
heavy smokers. They are more common in older age males. It is un-
known whether smoking plus exposure to a bladder carcinogen would
be synergistic, but this seems possible, e.g., asbestos and smoking.

Clinically, occupationally induced bladder tumors are indistinguish-
able from those found in the general population; however, they generally
occur at an earlier age than usual. These tumors may range from the
extremes of benign papillomas to infiltrating carcinomas. Severe or fatal
complications which may arise from papillomas are local spreading
tumors, severe hemorrhage, and infection of the bladder and kidney.

Hematuria often does not appear until the tumor(s) is inoperable.
Micro-examination of the urine is not specific, but routine cystoscopy is
a reliable indicator of tumors at an early stage. Exfoliative cytology of
urinary sediment using the stained smear method of Papanicolau per-
mits early differentiation of malignant neoplasms and benign papillomas
from normal tissue. Those individuals who give a positive test should
be examined by cystoscopy and followed indefinitely. Renal pelvis, ure-
teric, and urethral tumors can also be detected by cytodiagnosis.

Because there may be significant skin absorption of the aromatic
amines, protective clothing and polyvinyl chloride or rubber gloves
should be worn, and there should be adequate wash and change facilities.
Workers exposed to carcinogens should have a complete change of work
clothes in addition to protective clothing. The recommended means of
control of carcinogenic compounds is by engineering methods aimed at
zero exposure levels and a program of periodic medical surveillance.

BIBLIOGRAPHY
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2-ACETYLAMINOFLUORENE

DESCRIPTION
CCH,CH,C.H,NHCOCH,, 2-Acetylaminofluorene, is a tan crystal-
line solid.
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SYNONYMS |
2-acetaminofluorene, N-acetylammophenathrene, N-2-fluorenylace-
tamide. .
POTENTIAL OCCUPATIONAL EXP(J;)SURES
Very little 2-acetylaminofluorene is produced, It is used primarily
for cancer research purposes. It was patented as a pesticide, but was
never used for this purpose. Thus, occupations in which exposure may
occur are those in areas of research.
PERMISSIBLE EXPOSURE LIMITS
2-Acetylaminofluorene is included in the Federal standard for car-
cinogens; all contact with it should be avoided.
ROUTES OF ENTRY
Probably by inhalation and pércutaneous absorption.

HARMFUL EFFECTS
Local—
Unknown.

Systemic— !

2-Acety1aminofluorene’s carcinogenic activity was first discovered in
rats in which it produced nodular hyperplasia and cancer consistently
in the bladder, kldney, pelvis, hver, and pancreas by ingestion. Later
feeding expenments in dogs demonstrated bladder and liver tumors.
Guineca pigs appear resistant to 1ts carcinogenic effects. No human ef-
fects have been reported. :
MEDICAL SURVEILLANCE |

Preplacement and periodic eianunatlons should include history of
other exposure to carcinogens, smoking history, family history, alcohol,
and medications. The skin, respiratory tract, kidney, bladder, and liver
should be evaluated for possible ¢ffects. Sputum and bladder cytology
should be performed. Fetal effects may occur.

The scope and frequency of inedlcal surveillance examinations can
be related to the hazard, which [probably is greater among research
chemists or those involved in animal inhalation studies.

SPECIAL TESTS- i
None in common use, although urinary metabolites are known.

PERSONAL PROTECTIVE METHODS

Personal protective methods are designed to supplement engineer-
ing controls and to prevent all skin or inhalation exposure.

Full body protective clothing and gloves may be required. Those
employed in handling operations silould be provided with fullface, sup-
plied air respirators of contmuou§ flow or pressure demand type. On
exit from a regulated area, emplayees should shower and change into
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street clothes; leaving their protective clothing and equipment at the
point of exit to be placed in impervious containers at the end of the
work shift for decontamination or disposal. Effective methods should
be used for decontamination and changing of clothes and gloves.

BIBLIOGRAPHY
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der of 9the dog after ingestion of 2-acetylaminofluorene, J. Natl. Cancer Inst,
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AMINODIPHENYL

DESCRIPTION
C,H.H,HNH,NH,, 4-aminodiphenyl, is a yellowish brown crystal.

SYNONYMS
Biphenyline, p-phenylaniline, xenylamine, 4-aminobiphenyl, 4-bi-
phenylamine, p-aminobiphenyl, p-aminodiphenyl, p-biphenylamine.

POTENTIAL OCCUPATIONAL EXPOSURES
It is no longer manufactured commercially and is only used for re-
search purposes. 4-Aminodiphenyl was formerly used as a rubber anti-
oxidant and as a dye intermediate.
A partial list of occupations in which exposure may occur includes:
Diphenylamine workers
Research workers

PERMISSIBLE EXPOSURE LIMITS

4-Aminodiphenyl is included in the Federal standards for carcin-
ogens; all contact with it should be avoided.

ROUTES OF ENTRY
Inhalation and percutaneous absorption.

HARMFUL EFFECTS

Local—
None reported.

Systemic—

4-Aminodiphenyl is a known human bladder carcinogen. An ex-
posure of only 133 days has been reported to have ultimately resulted
in a bladder tumor. The latent period is generally from 15 to 35 years.
Acute exposure produces headaches, lethargy, cyanosis, urinary burning,
and hematuria. Cystoscopy reveals diffuse hyperemia, edema, and frank
slough.
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MEDICAL SURVEILLANCE

Placement and periodic examinations should include an evaluation
of exposure to other carcinogens; use of alcohol, smoking, and medica-
tions; and family history. Special attention should be given on a regular
basis to urine sediment and cytology. If red cells or positive smears are
seen, cystoscopy should be done at once. The general health of exposed
persons should also be evaluated in periodic examinations.

{

SPECIAL TESTS f
None commonly used. One :lurinary metabolite is 3-amino-4-hy-
droxydiphenyl. :

PERSONAL PROTECTIVE METHODS

These are designed to supplemlent engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used by those employed in handling operations. Full-
face, supplied air respirators of continuous flow or pressure demand type
should also be used. On exit from a regulated area, employees should
shower and change into street cloth;es, leaving their clothing and equip-
ment at the point of exit to be placed in impervious containers at the
end of the work shift for decontamination or disposal. Effective methods
should be used to clean and decontaminate gloves and clothing.

BIBLIOGRAPHY
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ANILINE

DESCRIPTION !
C.H,NH,, aniline, is a clear, colorless, oily liquid with a character-
istic odor. 5

SYNONYMS
Aminobenzene, phenylamine, aniline oil, aminophen, arylamine.

POTENTIAL OCCUPATIONAL EXP(TSURES

Aniline is widely used as an intermediate in the synthesis of dye-
stuffs. It is also used in the manufacture of rubber accelerators and
antioxidants, pharmaceuticals, marking inks, tetryl, optical whitening
agents, photographic developers, resins, varnishes, perfumes, shoe pol-
ishes, and many organic chemica]s.‘

|

|
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A partial list of occupations in which exposure may occur includes:

Acetanilide workers Perfume makers

Bromide makers Photographic chemical makers
Coal tar workers Plastic workers

Disinfectant makers Printers

Dye workers Rocket fuel makers

Ink makers Rubber workers

Leather workers Tetryl makers

Lithographers Varnish workers

Nitraniline workers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5§ ppm (19 mg/m?*).

ROUTES OF ENTRY
Inhalation of vapors; percutaneous absorption of liquid and vapor.

HARMFUL EFFECTS
Local—

Liquid aniline is mildly irritating to the eyes and may cause corneal
damage.

Systemic—

Absorption of aniline, whether from inhalation of the vapor or from
skin absorption of the liquid, causes anoxia due to the formation of
methemoglobin. Moderate exposure may cause only cyanosis. As OXy-
gen deficiency increases, the cyanosis may be associated with headache,
weakness, irritability, drowsiness, dyspnea, and unconsciousness. If
treatment is not given promptly, death can occur. The development of
intravascular hemolysis and anemia due to aniline-induced methemo-
globinemia has been postulated, but neither is observed often in industrial
practice, despite careful study of numerous cases.

MEDICAL SURVEILLANCE

Preplacement and periodic physical examinations should be per-
formed on all employees working in aniline exposure areas. These should
include a work history to elicit information on all past exposures to ani-
line, other aromatic amines, and nitro compounds known to cause chem-
ical cyanosis, and the clinical history of any occurrence of chemical cy-
anosis; a personal history to elicit alcohol drinking habits; and general
physical examination with particular reference to the cardiovascular sys-
tem. Persons with impaired cardiovascular status may be at greater risk
from the consequences of chemical cyanosis. A preplacement complete
blood count and methemoglobin estimation should be performed as base-
line levels, also follow-up studies including periodic blood counts and
hematocrits.

SPECIAL TESTS
Methemoglobin levels, and other abnormal hemoglobins, and/or
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!
urine para-aminophenols, and other aniline metabolites,have been used
for biologic monitoring for mcupaﬁond aniline exposure.

|
PERSONAL PROTECTIVE METHODS

In areas of vapor concentrati(:)n, the use of respirators alone is not
sufficient; skin protection by protective clothing should be provided even
though there is no skin contact with liquid aniline. Butyl rubber pro-
tective clothing is reportedly supenor to other materials. In severe ex-
posure situations, complete body ptotectlon has been employed, consist-
ing of air-conditioned suit with anJ supplied helmet and cape. Personal
hygiene practices including prompt removal of clothing which has ab-
sorbed aniline, thorough showermg after work and before changing to
street clothes, and clean working clothes daily are essential.

i
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BENZIDINE AND ITS SALTS

DESCRIPTION

NH,C,H,C ,H,NH,, benzidine,|is a crystalline solid with a significant
vapor pressure. The salts are less volatile, but tend to be dusty.

SYNONYMS
4,4-Biphenyldiamine, para-diaminodiphenyl, 4,4’-diaminobiphenyl,
4,4’-diphenylenediamine, benzidine base,

POTENTIAL OCCUPATIONAL EXPOSURES

Benzidine is used primarily in the manufacture of azo dyestuffs;
there are over 250 of these producéd Other uses, including some which
may have been discontinued, are in the rubber industry as a hardener,
in the manufacture of plastic films, for detection of occult blood in
feces, urine, and body fluids, in the detection of H,O, in milk, in the
production of security paper, and as a laboratory reagent in determining
HCN, sulfate, nicotine, and certain 'sugars. No substitute has been found
for its use in dyes.

A partial list of occupations ul which exposure may occur includes:

Biochemists Plastic workers
Dye workers Rubber workers
Medical laboratory workers Wood chemists

Organic chemical synthesizers
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PERMISSIBLE EXPOSURE LIMITS

Benzidine and its salts are included in a Federal standard for car-
cinogens; all contact with them should be avoided.

ROUTES OF ENTRY }
Inhalation, percutaneous absorption, and ingestion of dust.

HARMFUL EFFECTS

Local— ’

Contact dermatitis due to anary irritation or sensitization has been
reported.

Systemic— i

Benzidine is a known human urinary tract carcinogen with an aver-
age latent period of 16 years. The first symptoms of bladder cancer
usually are hematuria, frequency of urination, or pain.

MEDICAL SURVEILLANCE i

Placement and penodnc examlnauons should include an evaluation
of exposure to other carcmogens use of alcohol, smokmg, and medica-
tions; and famlly history. Special attention should be given on a regular
basis to urine sediment and cyblogy If red cells or positive smears are
seen, cystoscopy should be done at once. The general health of exposed

persons should also be eva]uaied in periodic examinations.

SPECIAL TESTS ’
None in common use although several metabolites are known.

PERSONAL PROTECTIVE METHODS

These are designed to suf)plement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should also be used. On exit from a regulated area employees
should shower and change mto street clothes, leaving their protectwe
clothing and equipment at the: -point of exit to be placed in impervious
containers at the end of the work shift for decontamination or disposal.
Effective methods should be used to clean and decontaminate gloves and
clothing.

BIBLIOGRAPHY
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3,3’-DICHLOROBENZIDINE AND ITS SALTS

DESCRIPTION
C,H,CINH,C H,CINH,, 3,3'-dichlorobenzidine, is a gray or purple
crystalline solid.
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SYNONYMS
4,4-Diamino-3,3’-dichlorobiphenyl,  3,3’-dichlorobiphenyl-4,4’-dia-
mine, 3,3’-dichloro-4,4-biphenyldiamine.

POTENTIAL OCCUPATIONAL EXPOSURES

The major uses of dichlorobenzidine are in the manufacture of pig-
ments for printing ink, textiles, plastics, and crayons and as a curing
agent for solid urethane plastics. There are no substitutes for many of
its uses.

A partial list of occupations in which exposure may occur includes:

Pigment makers Polyurethane workers

PERMISSIBLE EXPOSURE LIMITS

3,3-Dichlorobenzidine and its salts are included in a Federal stand-
ard for carcinogens; all contact with it should be avoided.

ROUTES OF ENTRY
Inhalation and probably percutaneous absorption.

HARMFUL EFFECTS
Local—
May cause allergic skin reactions.

Systemic—

3,3’-Dichlorobenzidine was shown to be a potent carcinogen in rats
and mice in feeding and injection experiments, but no bladder tumors
were produced. However, no cases of human tumors have been observed
in epidemiologic studies of exposure to the pure compound.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include history of
exposure to other carcinogens, smoking, alcohol, medication,and fam-
ily history. The skin, lung, kidney, bladder, and liver should be eval-
uated; sputum or urinary cytology may be helpful.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used by those employed in handling operations. Fullface
supplied air respirators of continuous flow or pressure demand type
should also be used. On exit from a regulated area, employees should
shower and change into street clothes, leaving their protective clothing
and equipment at the point of exit to be placed in impervious containers
at the end of the work shift for decontamination or disposal. Effective
methods should be used to clean and decontaminate gloves and clothing.
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4-DIMETHYLAMINOAZOBENZENE

DESCRIPTION
C.H,NNC,HN(CH,),, 4-dimethylaminoazobenzene, is a flaky yel-
low crystal.
SYNONYMS
Aniline-N,N-dimethyl-p(phenylazo), benzencazo dimethylaniline,
fat yellow, oil yellow, butter yellow, methyl yellow.
POTENTIAL OCCUPATIONAL EXPOSURES
4-Dimethylaminoazobenzene is only used for research purposes. It
was formerly used as a dye,but has been substituted by diethylaminoazo-
benzene. It was also formerly used for coloring margarine and butter.
A partial list of occupations in which exposure may occur includes:
Research workers
PERMISSIBLE EXPOSURE LIMITS

4-Dimethylaminoazobenzene is included in the Federal standard for
carcinogens; all contact with it should be avoided.

ROUTES OF ENTRY
Probably inhalation and percutaneous absorption.
HARMFUL EFFECTS
Local—
Unknown.
Systemic—

Cancer of the liver has been produced in rats and mice in feeding
experiments. No human effects have been reported.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include a history of
exposure to other carcinogens; use of alcohol, smoking, and medications;
and family history. Special attention should be given to liver size and
liver function tests.

SPECIAL TESTS
None commonly used.
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|

PERSONAL PROTECTIVE METHODS
These are designed to supplement engineering controls and to pre-

vent all contact with skin and the respiratory tract. Protective clothing
and gloves should be provided, aﬂd also appropriate type dust or sup-
plied air respirators. On exit from a regulated area, employees should
shower and change into-street clothes, leaving their clothes at the point
of exit, to be placed in impervious containers at the end of the work
shift for decontamination or disposal.

|

BIBLIOGRAPHY

Miller, J. A.,, and E. C, Miller. 1953. The carcinogenic aminoazo dyes. Adv.
Cancer Res. 1:339. i

|
44-METHYLENEBIS( 2-CHiOROANILINE )

DESCRIPTION |
CH,(CH,CINH,),, 4,4’-methylenebis (2-chloroaniline) or moca,
is a yellow to light gray-tan pellet and is also available in liquid form.
|

SYNONYMS |
Moca, 4,4’-diamino-3,3"-dichlorodiphenylmethane, 4,4-methylene-
2,2-dichloroaniline. ‘

POTENTIAL OCCUPATIONAL EXPOSURES

Moca is primarily used in the production of solid elastomeric parts.
Other uses are as a curing agent for epoxy resins and in the manufacture
of cross-linked urethane foams used in automobile seats and safety
padded dashboards; it is also useﬁ in the manufacture of gun mounts,
jet engine turbine blades, radar systems, and components in home ap-
pliances. |
A partial list of occupations in which exposure may occur includes:
Elastomer makers i Polyurethane foam workers
Epoxy resin workers !

PERMISSIBLE EXPOSURE LIMITS |

Moca is included in the Federal standard for carcinogens; all con-
tact with it should be avoided. j
ROUTES OF ENTRY

Inhalation; percutaneous absorption.
i

I

HARMFUL EFFECTS
Local—
None reported.

Systemic—

Feeding experiments with rats produced liver and lung cancer. No
tumors were found in experiments with dogs. No tumors or other ill-
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ness have been reported from chronic exposure in man except a mild
cystitis which subsided within a week.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include a history
of exposure to other carcinogens, alcohol and smoking habits, use of
medications, and family history. Special attention should be given to
liver size and function and to any changes in lung symptoms or Xcrays.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all contact with skin and the respiratory tract. Protective clothing
and gloves should be provided, and also appropriate type dust or sup-
plied air respirators. On exit from a regulated area, employees should
shower and change into street clothes, leaving the protective clothing
and equipment at the point of exit, to be placed in impervious containers
at the end of the work shift for decontamination or disposal.

BIBLIOGRAPHY
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alpha-NAPHTHYLAMINE

DESCRIPTION

C,,H:NH,, alpha-naphthylamine, exists as white needlelike crystals
which turn red on exposure to air.

SYNONYMS
1-Aminonaphthalene, naphthalidam, naphthalidine.

POTENTIAL OCCUPATIONAL EXPOSURES
alpha-Naphthylamine is used in the manufacture of dyes, conden-
sation colors, and rubber, and in the synthesis of many chemicals such
as alpha-naphthol, sodium naphthionate o-naphthionic acid, Nevile’s
acid, Winther’s acid, sulfonated naphthylamines, alpha-naphthylthiouria
(a rodenticide), and N-phenyl-alpha-naphthylamine.
A partial list of occupations in which exposure may occur includes:
Dye makers Rubber workers
Chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS

alpha-Naphthylamine is included in the Federal standard for car-
cinogens; all contact with it should be avoided.
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ROUTES OF ENTRY |

|
Inhalation and percutaneous absorption.

HARMFUL EFFECTS

Local— |
None reported.

Systemic— I
It has not been established \‘vhether alpha-naphthylamine is a hu-
man carcinogen per se or is associated with an excess of bladder cancer
due to its beta-naphthylamine content. Workers exposed to alpha-naph-
thylamine developed bladder tumors. The mean latent period was 22
years compared to 16 years for lbeta-naphthylamine. One animal ex-
periment demonstrated papillomata, but these results have never been
confirmed. |
|
MEDICAL SURVEILLANCE
Placement and periodic examinations should include an evaluation
of exposure to other carcinogens; use of alcohol, smoking, and medica-
tions; and family history. Special attention should be given on a regular
basis to urine sediment and cytology. If red cells or positive smears are
seen, cystoscopy should be done at once. The general health of exposed
persons should also be evaluated in periodic examinations.
SPECIAL TESTS '
None commonly used. Some metabolites are known.
|

PERSONAL PROTECTIVE METHObS

These are designed to supplement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used by those employed in handling operations. Full-
face, supplied air respirators of continuous flow or .pressure demand
type should also be used. On exit from a regulated area, employees
should shower and change into street clothes, leaving their protective
clothing and equipment at the point of exit to be placed in impervious
containers at the end of the work' shift for decontamination or disposal.
Effective methods should be used to clean and decontaminate gloves and
clothing, Showers should be taken prior to dressing in street clothes.

beta-NAPHTHYLAMINE

DESCRIPTION Q
C,.H,NH,, beta-Naphthylamine, is a white to reddish crystal.

SYNONYMS ‘
2-Naphthylamine, 2-aminonaphtha1ene.
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POTENTIAL OCCUPATIONAL EXPOSURES

beta-Naphthylamine is presently used only for research purposes.
It is present as an impurity in alpha-naphthylamine. It was widely used
in the manufacture of dyestuffs, as an antioxidant for rubber, and in
rubber coated cables.
A partial list of occupations in which exposure may occur includes:
beta-Naphthylamine workers
Research workers

PERMISSIBLE EXPOSURE LIMITS

beta-Naphthylamine is included in the Federal standard for car-
cinogens; all contact with it should be avoided.

ROUTES OF ENTRY
Inhalation and percutanecous absorption.

HARMFUL EFFECTS
Local—

beta-Naphthylamine is mildly irritating to the skin and has pro-
duced contact dermatitis.

Systemic—

beta-Naphthylamine is a known human bladder carcinogen with a
latent period of about 16 years. The symptoms are frequent urination,
dysuria, and hematuria, Acute poisoning leads to methemoglobinemia or
acute hemorrhagic cystitis.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include an evalua-
tion of exposure to other carcinogens; use of alcohol, smoking, and
medications; and family history. Special attention should be given on a
regular basis to urine sediment and cytology. If red cells or positive
smears are seen, cystoscopy should be done at once. The general health
of exposed persons should also be evaluated in periodic examinations.

SPECIAL TESTS hd

None in common use; some metabolites are known.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used by those employed in handling operations. Full-
face, supplied air respirators of continuous flow or pressure demand
type should also be used. On exit from a regulated area, employees
should shower and change into street clothes, leaving their clothing and
equipment at the point of exit to be placed in impervious containers at
the end of the work shift for decontamination or disposal. Effective
methods should be used to clean and decontaminate gloves and clothing.
Showers should be taken prior to dressing in street clothes.
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i
NITRO COMPOUNDS

The aliphatic nitro compounds are characterized by the —C—NO,
structure. Closely related chemicals are the alkyl nitrites (—C—O-—
NO), alkyl nitrates (—~C—0O-—NO,), and chloronitroparaffins (e.g.,
CCLNO,). All differ significantly in their chemical and toxicological
characteristics. |

The aromatic nitro compounds, in which a nitro group is substituted
directly on a benzene ring, are a! more homogeneous group. Most of
them can be produced by nitration of the aromatic. They are widely
used, especially in explosive and dyestuff manufacture. Aromatic nitro
compounds rapidly penetrate the skin, and this may be the major route
of absorption. In acute exposures, ithey produce cyanosis and in chronic
exposures, anemia. Local irritation and liver damage are also common.
A portion of the absorbed dose is J;xcreted in the urine unchanged; how-
ever the major portion is first metabolized to aminophenol derivatives
before excretion. Many colorimetric tests are available for detecting the
parent compounds or metabolites in the urine,

Other clinical tests which may be of value are urinalysis, blood
chemistry, and blood analysis for| anemia, methemoglobin, and Heinz
bodies. Physical examinations are an important aspect of prevention.
Individuals with cardiovascular, renal, hepatic, or respiratory diseases,
blood dyscrasia, allergies, or chroilnic alcoholism may be at increased
risk from exposure to aromatic nitro compounds.

Work practices should mclude protective clothing made of butyl
rubber and emphasis on personal hyglcne

BIBLIOGRAPHY ‘
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DINITROBENZENE

DESCRIPTION

CH,(NO,),, dinitrobenzene, Imay exist in three isomers; the meta-
form is the most widely used. |

SYNONYMS i
Dinitrobenzol. i

|
POTENTIAL OCCUPATIONAL EXPOSURES

Dinitrobenzene is used in the! isynthesis of dyestuffs, dyestuff inter-
mediates, and explosives and in celluloid production.
A partial list of occupations il which exposure may occur includes:
Celluloid makers Explosive workers
Dye makers Organic chemical synthesizers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard for all isomers of dinitrobenzene is 1 mg/m?®.

ROUTES OF ENTRY
Inhalation and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—

Exposure to dinitrobenzene may produce yellowish coloration of
the skin, eyes, and hair.

Systemic—

Exposure to any isomer of dinitrobenzene may produce methe-
moglobinemia, symptoms of which are headache, irritability, dizziness,
weakness, nausea, vomiting, dyspnea, drowsiness, and unconsciousness.
If treatment is not given promptly, death may occur. Consuming alcohol,
exposure to sunlight, or hot baths may make symptoms worse. Dini-
trobenzene may also cause a bitter almond taste or burning sensation in
the mouth, dry throat, and thirst. Reduced vision may occur. In addi-
tion liver damage, hearing loss, and ringing of the ears may be pro-
duced. Repeated or prolonged exposure may cause anemia.

MEDICAL SURVEILLANCE

Preemployment and periodic examinations should be concerned
particularly with a history of blood dyscrasias, reactions to medications,
alcohol intake, eye disease, and skin and cardiovascular status. Liver
and renal functions should be evaluated periodically as well as blood
and general health.

SPECIAL TESTS

Methemoglobin levels should be followed until normal in all cases
of suspected cyanosis. Dinitrobenzene can be determined in the urine;
levels greater than 25 mg/liter may indicate significant absorption.

PERSONAL PROTECTIVE METHODS

Dinitrobenzene is readily absorbed through intact skin and its vapors
are highly toxic. Protective clothing impervious to the liquid should be
worn in areas where the likelihood of splash or spill exists. When splash
or spill occurs on ordinary work clothes, they should be removed im-
mediately and the area washed thoroughly. In areas of elevated vapor
concentrations fullface masks with organic vapor canisters or air sup-
plied respirators with fullface piece should be used. Daily changes of
work clothing and mandatory showering at the end of each shift before
changing to street clothes should be enforced.

BIBLIOGRAPHY
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DINITRO-O-CRESOL

DESCRIPTION :

CH,C.H, (NO,),OH, dinitro-o-cresol, exists in 9 isomeric forms of
which 3,5-dinitro-o-cresol is the most important commercially. It is a
yellow crystalline solid. |

SYNONYMS

DNOC; 4,6-Dinitro-o-cresol is |also known as 3,5-dinitro-o-cresol,
2-methyl-4,6-dinitrophenol, 3,5-dinitro-2-hydroxytoluene.

POTENTIAL OCCUPATIONAL EXPOSURES
DNOC is widely used in agriculture as a herbicide and pesticide;
it is also used in the dyestuff industry.
A partial list of occupations in which exposure may occur includes:
Dye makers | Pesticide workers
Herbicide workers |

PERMISSIBLE EXPOSURE LIMITS |
The Federal standard for all isomers of DNOC is 0.2 mg/m>.

ROUTES OF ENTRY |
Inhalation and percutaneous abLiorptlon

HARMFUL EFFECTS :
Local— |
None reported except for stam%ng of skin and hair.

Systemic—

DNOC blocks the formation of hlgh energy phosphate compounds,
and the energy from oxidative metabolism is liberated as heat. Early
symptoms of intoxication by mhalation or skin absorption are elevation
of the basal metabolic rate and rise in temperature accompanied by
fatigue, excessive sweating, unusual thirst, and loss of weight. The clin-
ical picture resembles in part a thyroid crisis. Weakness, fatigue, in-
creased respiratory rate, tachycardia, and fever may lead to rapid de-
terioration and death. Bilateral cataracts have been seen following oral
ingestion for therapeutic purposes. |

These have not been seen duri#g industrial or agricultural use.

MEDICAL SURVEILLANCE !

Consider eyes, thyroid, and cardlovascular system, as well as gen-
eral health.

SPECIAL TESTS
None commonly used.

|
PERSONAL PROTECTIVE METI'IODj|
Since dinitro-o-cresol is used extensively in agriculture as well as
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industry, worker education to the toxic properties of the chemical are
necessary. Where there is a possibility of skin contamination or vapor
inhalation, full protection should be provided. Impervious protective
clothing and fullface masks with organic vapor canisters or air supplied
respirators are advised. A clean set of work clothes daily, and showers
following each shift before change to street clothes are essential.

BIBLIOGRAPHY

Bistrup, P. L., and D. J. H. Payne. 1951. Poisoning by dmltro-ortho-cresol report
of eight fatal cases occurring in Great Britain. Br. Med, J.
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Hayes, W. J., Jr. Clinical handbook on economic poisons, Pub, 476, p. 109. US.
Government Printing Office, Washington.
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%rt'iglcl:‘lal radnika eksponiranih dinitroorth krezolu (DNOC). Ark. Hig. Rad.
oksikol. 23:1.

DINITROPHENOL

DESCRIPTION

There are six isomers of dinitrophenol of which 2,4-dinitrophenol
is the most important industrially. It is an explosive, yellow crystalline
solid.

SYNONYMS
DNP.

POTENTIAL OCCUPATIONAL EXPOSURES

2,4-DNP is used in the manufacturing of dyestuff intermediates,
wood preservatives, pesticides, herbicides, explosives, chemical indica-
tors, photograph developers, and also in chemical synthesis.

A partial list of occupations in which exposure may occur includes:

Chemical indicator makers Organic chemical synthesizers
Dye makers Photographic developer makers
Explosive workers Wood preservative workers

Herbicide workers

PERMISSIBLE EXPOSURE LIMITS

There is no Federal standard for DNP. A useful guideline of 0.2
mg/m? is based on data for dinitro-o-cresol.

ROUTES OF ENTRY

Percutaneous absorption and inhalation of dust and vapors.
HARMFUL EFFECTS
Local—

DNP causes yellow staining of exposed skin. Dermatitis may be
due to either primary irritation or allergic sensitivity.
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Systemic—

The isomers differ in their toxic effects. In general, DNP disrupts
oxidative phosphorylation (as in the case of DNOC) which results in
increased metabolism, oxygen consumption, and heat production. Acute
intoxication is characterized by sudden onset of fatigue, thirst, sweating,
and oppression of the chest. There is rapid respiration, tachycardia,
and a rise in body temperature. In less severe poisoning, the symptoms
are nausea, vomiting, anorexia, weakness, dizziness, vertigo, headache,
and sweating. The liver may be sensitive to pressure, and there may also
be jaundice. DNP poisoning is more severe in warm environments. If
not fatal, the effects are rapidly and completely reversible. Chronic ex-
posure results in kidney and liver damage and cataract formation. Oc-
casional hypersensitivity reactions, e.g., neutropenia, skin rashes, peri-
pheral neuritis, have been seen after oral use.

MEDICAL SURVEILLANCE

Consider skin, eyes, thyroid, blood, central nervous system, liver
and kidney function, as well as general health in preplacement and pe-
riodic examinations.

SPECIAL TESTS
Can be measured in urine as such or as an aminophenol derivative.

PERSONAL PROTECTIVE METHODS

Because of its wide use in agriculture, lumbering, photography, as
well as in the petrochemical industry, worker education to the toxic
properties of dinitrophenol are important. Impervious protective cloth-
ing, fullface masks with organic vapor canisters or air supplied respira-
tors are necessary in areas of high concentration of dust or vapor. Spills
and splashes that contaminate clothing require the worker to immediately
change clothes and wash the area thoroughly. Workers should have
clean work clothes on every shift and should be required to shower prior
to changing to street clothing.

BIBLIOGRAPHY

Gisclard, J. B.,, and M. M. Woodward. 1946, 2,4-Dinitrophenol poisoning: a case
report. J. Ind. Hyg. Toxicol. 28:47.
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DINITROTOLUENE

DESCRIPTION

Six isomers of DNT exist, the most important being 2,4-dinitro-1-
toluene.
SYNONYMS

Dinitrotoluol, DNT.
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POTENTIAL OCCUPATIONAL EXPOSURES
DNT is used in the manufacture of explosives and dyes in organic
synthesis, e.g., trinitrotoluene.
A partial list of occupations in which exposure may occur includes:
Dye makers Organic chemical synthesizers
Explosive workers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1.5 mg/m?.

ROUTES OF ENTRY
Inhalation of vapor and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—
None.

Systemic——

The effects from exposure to dinitrotoluene are caused by its ca-
pacity to produce anoxia due to the formation of methemoglobin. Cya-
nosis may occur with headache, irritability, dizziness, weakness, nausea,
vomiting, dyspnea, drowsiness, and unconsciousness. If treatment is not
given promptly, death may occur. The onset of symptoms may be de-
layed. The ingestion of alcohol may cause increased susceptibility. Re-
peated or prolonged exposure may cause anemia.

MEDICAL SURVEILLANCE

Preemployment and periodic examinations should be concerned
particularly with a history of blood dyscrasias, reactions to medications,
alcohol intake, eye disease, skin, and cardiovascular status., Liver and
renal functions should be evaluated periodically as well as blood and
general health.

SPECIAL TESTS
None commonly used. Forms a blue color with alcoholic NaOH.

PERSONAL PROTECTIVE METHODS

Liquid soaked clothing should be immediately removed and the
skin area washed thoroughly. Impervious protective clothing should be
provided if skin exposure to liquid is anticipated. In areas of elevated
vapor concentration, fullface masks with organic vapor canisters or air-
supplied respirators should be required.

BIBLIOGRAPHY

Norwood, W. D. 1943, Trinitrotoluene (TNT), its effective removal from the
skin by a special liquid soap. Ind. Med, 12:206.
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NITROBENZENE

DESCRIPTION
C,H,NO,, nitrobenzene, is a pale yellow liquid whose odor resem-
bles bitter almonds.

SYNONYMS
Nitrobenzol, oil of mirbane, oil of bitter almonds.

POTENTIAL OCCUPATIONAL EXPOSURES
Nitrobenzene is used in the manufacture of explosives and aniline
dyes and as a solvent and intermediate. It is also used in shoe and floor
polishes, leather dressings, and paint solvents, and to mask other un-
pleasant odors, Substitution reactions with nitrobenzene are used to
form meta-derivatives.
A partial list of occupations in which exposure may occur includes:
Aniline dye makers Paint makers
Explosive makers Polish makers
Organic chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1 ppm (5 mg/m?®).

ROUTES OF ENTRY
Inhalation and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—
Nitrobenzene may cause irritation of the eyes.

Systemic——

There is a latent period of 1-4 hours before signs and symptoms
appear. Nitrobenzene affects the central nervous system producing fa-
tigue, headache, vertigo, vomiting, general weakness, and in some cases
severe depression, unconsciousness, and coma. Nitrobenzene is a power-
ful methemoglobin former; cyanosis appears when methemoglobin
reaches 15%. Sulfhemoglobin formation may also contribute to nitro-
benzene toxicity. Chronic exposure may lead to spleen and liver damage,
jaundice, liver impairments, and hemolytic icterus. Anemia and Heinz
bodies in the red blood cells have also been observed. Alcohol ingestion
may increase the toxic effects.

MEDICAL SURVEILLANCE

Preemployment and periodic examinations should be concerned
particularly with a history of dyscrasias, reactions to medications, alcohol
intake, eye disease, skin, and cardiovascular status. Liver and renal
functions should be evaluated periodically, as well as blood and general
health.
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SPECIAL TESTS

Follow methemoglobin levels until normal in all cases of suspected
cyanosis. The metabolites in urine, p-nitro and p-amino phenol, can be
used as an evidence of exposure.

PERSONAL PROTECTIVE METHODS

Impervious protective clothing should be worn in areas where risk
of splash or spill exists. When splashed or spilled on ordinary work
clothes, the clothes should be removed at once and the skin area washed
thoroughly. In areas of vapor concentration fullface masks with organic
vapor canisters or air supplied respirators should be used. Clgan work
clothing should be supplied daily, and showering made mandatory after
each shift before workers change to street clothes.

BIBLIOGRAPHY

Andreescheva, N. G. 1964. Substantiation of the maximum permissible concen-
tration of nitrobenzene in atmospheric air. Hyg. Sanit. 29:4.

Myslak, A, J. K. Piotrowski, and E. Musialowicz. Acute nitrobenzene poisoning.
A case report with data on urinary excretion of p-nitro-phenol and p-amino-
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Salmowa, J., J. Piotrowski, and U. Neuhorn. 1963, Evaluation of exposure to
nitrobenzene, Absorption of nitrobenzene vapor through lungs and excretion
of p-nitrophenol in urine. Brit. J. Ind. Med. 20:41,

4-NITROBIPHENYL

DESCRIPTION
C,H,C,HNNO, 4-nitrobiphenyl, exists as yellow plates or needles.

SYNONYMS

4-Nitrodiphenyl, p-nitrobiphenyl, p-nitrodiphenyl, PNB.
POTENTIAL OCCUPATIONAL EXPOSURES

4-Nitrobiphenyl was formerly used in the synthesis of 4-aminodi-
phenyl. It is presently used only for research purposes; there are no
commercial uses.

A partial list of occupations in which exposure may occur includes:

Research workers

PERMISSIBLE EXPOSURE LIMITS

4-Nitrobiphenyl was included in the Federal standard for carcin-
ogens; all contact with it should be avoided.

ROUTES OF ENTRY
Inhalation and percutaneous absorption.

HARMFUL EFFECTS
Local—
None reported.
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Systemic——

4-Nitrobiphenyl is considered to be a human carcinogen. This is
based on the evidence that it will induce bladder tumors in dogs and
that human cases of bladder cancer were reported from a mixed ex-
posure to 4-aminodiphenyl and 4-nitrobiphenyl. These human cases
were attributed to 4-aminodiphenyl because the information available at
the time showed that it produced bladder tumors in dogs. 4-Amino
biphenyl may be a metabolite.

MEDICAL SURVEILLANCE

Placement and periodic examinations should include an evaluation
of exposure to other: carcinogens, as well as an evaluation of smoking,
of use of alcohol and medications, and of family history. Special at-
tention should be given on a regular basis to urine sediment and cytology.
If red cells or positive smears are seen, cystoscopy should be done at
once. The general health of exposed persons should also be evaluated
in periodic examinations.

SPECIAL TESTS

None commonly used. Can probably be determined in the urine as
a metabolite.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all skin or respiratory contact. Full body protective clothing and
gloves should be used by those employed in handling operations. Full-
face, supplied air respirators of continuous flow or pressure demand type
should also be used. On exit from a regulated area, employees should
shower and change into street clothes, leaving their protective clothing
and equipment at the point of exit to be placed in impervious containers
at the end of the work-shift for decontamination or disposal. Effective
methods should be used to clean and decontaminate gloves and clothing.

BIBLIOGRAPHY

Deichmann, W. B. 1967. Introduction p. 3. In; K. F. Lampe, ed. Bladder Cancer,
A Symposium. Aesculapius Publishing Co., Birmingham, Alabama,

Melick, W. F., H, M. Escue, J. J. Naryka, R. A. Mezera, and E. P. Wheeler. 1955.
The first reported cases of human bladder tumors due to a new carcinogen—
xenylamine. J. Urol. 74:760.

NITROGLYCERIN and
ETHAYLENE GLYCOL DINITRATE

DESCRIPTION

C,H,(ONO,),, nitroglycerin.

O,NOCH,0OCH ,ONOQ,, cthylenc glycol dinitrate.

Both are oily, yellow liquids and are highly explosive. They may
be detonated by mechanical shock, heat, or spontaneous chemical re-
action.
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SYNONYMS

Nitroglycerin: nitroglycerol, glyceryl trinitrate, trinitroglycerol, glon-
oin, trinitrin.

Ethylene glycol dinitrate: nitroglycol, glycol dinitrate, ethylene
dinitrate, EGDN.

POTENTIAL OCCUPATIONAL EXPOSURES

Although ethylene glycol dinitrate is an explosive in itself, it is pri-
marily used to lower the freezing point of nitroglycerin; together these
compounds are the major constituents of commercial dynamite, cordite,
and blasting gelatin. Occupational exposure generally involves a mixture
of the two compounds. Ethylene glycol dinitrate is 160 times more vol-
atile than nitroglycerin. Nitroglycerin is also used as a pharmaceutical.

A partial list of occupations in which exposure may occur includes:

Drug makers Explosive makers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for nitroglycerin is 0.2 ppm (2 mg/m?). The
standard for ethylene glycol dinitrate and/or nitroglycerin is 0.2 ppm
(1 mg/m?) as a ceiling value, and, at concentrations greater than 0.02
ppm, personal protection may be necessary to avoid headache. These
levels should be reduced when the substance is also absorbed percuta-
neously.

ROUTES OF ENTRY

Inhalation of dust or vapor; ingestion of dust; percutaneous ab-
sorption.

HARMFUL EFFECTS
Local—
None reported.

Systemic—

Exposure to small amounts of ethylene glycol dinitrate and/or nitro-
glycerin by skin exposure, inhalation, or swallowing may cause severe
throbbing headaches. With larger exposure, nausea, vomiting, cyanosis,
palpitations of the heart, coma, cessation of breathing, and death may
occur. A temporary tolerance to the headache may develop, but this is
lost after a few days without exposure. On some occasions a worker
may have anginal pains a few days after discontinuing repeated daily
exposure.

MEDICAL SURVEILLANCE

Placement and periodic examinhations should be concerned with
central nervous system, blood, glaucoma, and especially history of al-
coholism.
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SPECIAL TESTS
None commonly used, but urinary and blood ethylene glycol dini-
trate may be determined by gas chromatography.

PERSONAL PROTECTIVE METHODS

Both compounds are readily absorbed through the skin, lungs, and
mucous membranes, It is, therefore, essential that adequate skin pro-
tection be provided for each worker: impervious clothing where liquids
are likely to contaminate and full body clothing where dust creates the
problem. All clothing should be discarded at the end of the shift and
clean work clothing provided each day. Showers should be taken at the
end of each shift and prior to changing to street clothing. In case of
spill or splash that contaminates work clothing, the clothes should be
changed at once and the skin area washed thoroughly. Masks of the
dust type or organic vapor canister type may be necessary in areas of

concentration of dust or vapors.
BIBLIOGRAPHY
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NITROPARAFFINS

DESCRIPTION

Nitroparaffiins are characterized by a —C—NO, group and may
be either mono- or poly-substituted. Only certain mononitroparaffins
are included in this section: nitromethane (CH,NO,), nitroethane
(C,H, —NO,), 1-nitropropane (C,H,—NO,), and 2-nitropropane (CH,-
CH(NO,) ~CH,. All of these are colorless liguids. Other mononitro-
paraffins are not commonly used, and use of the polynitroparaffins is
limited almost entirely to fuels and fuel additives.

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES

Nitroparaffins are used as solvents for cellulose esters, vinyl co-
polymer, and other resins, oils, fats, waxes, and dyes. They are also
used in various coating materials such as shellac, synthetic and proc-
essed rubber, paint and varnish removers, alkyl resins, and other high
polymer coatings, and also in organic synthesis.

A partial list of occupations in which exposure may occur includes:

Cellulose workers Resin makers
Dye makers Rubber makers
Fat processors Stainers
Organic chemical synthesizers Wax makers

Plastic makers
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PERMISSIBLE EXPOSURE LIMITS

The Federal standards for these substances are: nitromethane 100
ppm (250 mg/m?), nitroethane 100 ppm (310 mg/m?®), 1-nitropropane
25 ppm (90 mg/m®), and 2-nitropropane 25 ppm (90 mg/m®).

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

The nitroparaffins are irritants to the eyes and upper respiratory
tract. There may be slight skin irritation due to solvent drying of skin.

Systemic—

Only one report of occupational illness from nitroparaffins has been
reported. The workers were exposed to 20-45 ppm of 2-nitropropane
and complained of anorexia, nausea, vomiting diarrhea, and occipital
headache. Animal experiments indicate that high concentrations of nitro-
paraffins may produce light narcosis and central nervous system irrita-
tion. The lethal dose is generally lower than that producing significant
narcosis. Liver and kidney damage have been observed in animals at
lethal concentrations. Nitroparaffins release nitrate in vivo; however,
methemoglobinemia and Heinz bodies have only been observed with 2-
nitropropane. Experimental evidence also indicates that the toxicity of
nitroparaffins increases with the size of the molecule.

MEDICAL SURVEILLANCE

Based on animal data, preplacement and periodic examination
should consider respiratory and central nervous system effects as well
as liver and kidney function.

SPECIAL TESTS

None commonly used. In the case of 2-nitropropane, Heinz bodies
and methemoglobin levels would be of interest.

PERSONAL PROTECTIVE METHODS

Barrier creams or gloves to protect exposed skin and, where vapor
concentrations are excessive, fullface mask with organic vapor canister
or air supplied respirators are advised.

BIBLIOGRAPHY
Skinner, J. B. 1947. The toxicity of 2-nitropropane. Ind. Med. 16:441.

NITROPHENOL

DESCRIPTION
There are three isomers of nitrophenol NO,C,HOH. The meta-
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form is produced from m-nitroaniline, and the ortho-and para-isomers
are produced by nitration of phenol. They are colorless to slightly yel-
lowish crystals with an aromatic to sweetish odor.

SYNONYMS
None.

POTENTIAL OCCUPATIONAL EXPOSURES

Nitrophenols are used in the synthesis of dyestuffs and other inter-
mediates and as a chemical indicator.
A partial list of occupations in which exposure may occur includes:
Chemical indicator makers Organic chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS
There is no Federal standard for nitrophenol,

ROUTES OF ENTRY
Inhalation and percutaneous absorption of liquid.

HARMFUL EFFECTS
Local—
Unknown.

Systemic—

There is very little information available on the toxicity for hu-
mans of nitrophenols. Animal experiments have shown central and peri-
pheral vagus stimulation, CNS depression, methemoglobinemia, and
dyspnea. The p-isomer is the most toxic.

MEDICAL SURVEILLANCE

Based on animal studies, individuals with cardiovascular, renal, or
pulmonary disease and those with anemia are probably more subject to
poisoning by nitrophenol. Liver and renal function and blood should
be evaluated in placement or periodic examinations,

SPECIAL TESTS

None commonly used. Nitrophenol is excreted rapidly in the urine
as a conjugate. It may also be present as a metabolite of parathion.

PERSONAL PROTECTIVE METHODS

Nitrophenols are readily absorbed through intact skin and by in-
halation; full body protective clothing and appropriate type organic
vapor canisters in areas of concentrations of dust or vapors should be
provided. Spills on work clothing necessitate immediate clothing change
and thorough washing of the skin area. Clean work clothes should be
supplied daily; showers should be taken at the end of each shift prior to
changing to street clothes.
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PICRIC ACID

DESCRIPTION
C,H,(NO,),0OH, picric acid, is a pale yellow, odorless, intensely
bitter crystal which is explosive upon rapid heating or mechanical shock.

SYNONYMS

Picronitric acid, trinitrophenol, nitroxanthic acid, carbazotic acid,
phenol trinitrate.

POTENTIAL OCCUPATIONAL EXPOSURES

Picric acid is used in the manufacture of explosives, rocket fuels,
fireworks, colored glass, matches, electric batteries, and disinfectants.
It is also used in the pharmaceutical and leather industries, and in dyes,
copper and steel etching, forensic chemistry, histology, textile printing,
and photographic emulsions.

A partial list of occupations in which exposure may occur includes:

Battery makers Explosive makers

Colored glass makers Forsenic chemists

Copper etchers Histology technicians
Disinfectant makers Matchmakers

Drug makers Photographic chemical workers
Dye makers Tannery workers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard for picric acid is 0.1 mg/m?.

ROUTES OF ENTRY
Inhalation and ingestion of dust; percutaneous absorption.

HARMFUL EFFECTS

Local—

Picric acid dust or solutions are potent skin sensitizers. In solid
form, picric acid is a skin irritant, but in aqueous solution it irritates
only hypersensitive skin. The cutaneous lesions which appear usually
on exposed areas of the upper extremities consist of dermatitis with
erythema, papular, and vesicular eruptions. Desquamation may occur
following repeated or prolonged contact. Skin usually turns yellow upon
contact, and areas around nose and mouth as well as the hair are most
often affected. Dust or fume may cause eye irritation which may be
aggravated by sensitization. Corneal injury may occur from exposure
to picric acid dust and solutions.

Systemic—

Inhalation of high concentrations of dust by one worker caused
temporary coma followed by weakness, myalgia, anuria, and later poly-
uria. Following ingestion of picric acid, there may be headache, ver-
tigo, nausea, vomiting, diarrhea, yellow coloration of the skin, hema-
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turia, and albuminuria. High doses may cause destruction of erythro-
cytes, hemorrhagic nephritis, and hepatitis. High doses which cause
systemic intoxication will color all tissues yellow, including the conjunc-
tiva and aqueous humor, and cause yellow vision.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should focus on
skin disorders such as hypersensitivity atopic dermatitis, and liver and
kidney function.

SPECIAL TESTS

None commonly used. It is probably excreted as picric and picramic
acid in the urine.

PERSONAL PROTECTIVE METHODS

Skin protection by clothing and barrier creams can avoid the irri-
tant and sensitizing action of picric acid. Masks of the dust type will
prevent absorption by inhalation. Fullface masks are advisable or combi-
nation of chemical goggles with halfmask. Daily change of clean work
clothes and showering after each shift before changing to street clothes
are mandatory.

BIBLIOGRAPHY

Chicago National Safety Council. 1969. Picric Acid. Data Sheet 351 (Revision A,
Extensive). Chicago National Safety Council, Chicago, Illinois.

Williams, R. T. 1959. Detoxication Mechanism, 2nd ed. J. Wiley and Sons, New
York.

TETRYL

DESCRIPTION
Tetryl is a yellow solid.

SYNONYMS

Trinitrophenylmethylnitramine, nitramine, tetranitromethylaniline,
pyrenite, picrylmethylnitramine, picrylnitromethylamine, N-methyl-N-2,4,
6-tetranitroaniline, tetralite.
POTENTIAL OCCUPATIONAL EXPOSURES

Tetryl is used in explosives as an intermediary detonating agent
and as a booster charge; it is also used as a chemical indicator.
A partial list of occupations in which exposure may occur includes:
Chemical indicator makers Explosive makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1.5 mg/m?®.

ROUTES OF ENTRY
Inhalation and skin absorption.
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HARMFUL EFFECTS
Local—

Tetryl is a potent sensitizer, and allergic dermatitis is common.
Dermatitis first appears on exposed skin areas, but can spread to other
parts of the body in fair skinned individuals or those with poor personal
hygiene. The severest forms show massive generalized edema with par-
tial obstruction of the trachea due to swelling of the tongue, and these
cases require hospitalization. Contact may stain skin and hair yellow
or orange. Tetryl is acutely irritating to the mucous membranes of the
respiratory tract and the eyes, causing coughing, sneezing, epistaxis,
conjunctivitis, and palpebral and periorbital edema.

Systemic—

Tetryl exposure may cause irritability, easy fatigability, malaise,
headaches, lassitude, insomnia, nausea, and vomiting. Anemia either of
the marrow depression or deficiency type has been observed among
tetryl workers. Tetryl exposure has produced liver and kidney damage in
animals.

MEDICAL SURVEILLANCE

Preplacement physical examination should give special attention to
those individuals with a history of allergy, blood dyscrasias, or skin,
liver, or kidney disease. Periodic examinations should be directed pri-
marily to the control of dermatitis and allergic reactions, plus any effects
on the respiratory tract, eyes, central nervous system, blood, liver, or
kidneys.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Skin protection is necessary by means of protective clothing and
gloves. Where significant air concentration of dusts or vapors exist,
masks to prevent inhalation are necessary. Daily change to clean work
clothes is strongly advised, with showers after each shift mandatory, be-
fore dressing in street clothes.

BIBLIOGRAPHY

Bergman, B. B. 1952. Tetryl toxicity: a summary of ten years’ experience, AMA
Arch. Ind. Hyg. Occup. Med. 5:10.
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Norwood, W. D. 1943, Trinitrotoluene (ITNT); its effective removal from the skin
by a special liquid soap. Ind. Med. 12:206.

TRINITROTOLUENE

DESCRIPTION
TNT exists in 5 isomers; 2,4,6-trinitrotoluene is the most commonly
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used. All are crystalline solids in pure form. TNT is a relatively stable
high explosive.

SYNONYMS
TNT, sym-trinitrotoluol, methyltrinitrobenzene.

POTENTIAL OCCUPATIONAL EXPOSURES
TNT is used as an explosive, ie., as a bursting charge in shells,
bombs, and mines.
A partial list of occupations in which exposure may occur includes:
Explosives workers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1.5 mg/m?.

ROUTES OF ENTRY

Inhalation of dust, fume, or vapor; ingestion of dust; percutaneous
absorption from dust.

HARMFUL EFFECTS
Local—

Exposure to trinitrotoluene may cause irritation of the eyes, nose,
and throat with sneezing, cough, and sore throat. It may cause dermatitis
and may stain the skin, hair, and nails a yellowish color.

Systemic—

Numerous fatalities have occurred in workers exposed to TNT
from toxic hepatitis or aplastic anemia. TNT exposure may also cause
methemoglobinemia with cyanosis, weakness, drowsiness, dyspnea, and
unconsciousness. In addition it may cause muscular pains, heart irreg-
ularities, renal irritation, cataracts, menstrual irregularities, and peri-
pheral neuritis.

MEDICAL SURVEILLANCE

Placement or periodic examinations should give special considera-
tions to history of allergic reactions, blood dyscrasias, reactions to medi-
cations, and alcohol intake. The skin, eye, blood, and liver and kidney
function should be followed.

SPECIAL TESTS

Urine may be examined for TNT by the Webster test or for the
urinary metabolite 2,6-dinitro-4-aminotoluene; however, both may be
negative if there is liver injury.

PERSONAL PROTECTIVE METHODS

~ Protective clothing should be worn. The Webster skin test (color-
imetric ‘test with alcoholic sodium hydroxide) or indicator soap should
be used to make sure workers have washed all TNT off their skins.
Daily change of clean work clothes should be provided, and showers
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made compulsory at the end of each shift prior to changing to street
clothes.
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MISCELLANEOUS ORGANIC NITROGEN
COMPOUNDS

This group of organic nitrogen compounds includes examples of
heterocyclic compounds, hydrazines, substituted amides, an imine, and
a nitrosoamine.

Heterocyclic nitrogen compounds contain one or more nitrogen
atoms in the ring structure and are widely distributed in nature as well
as in industrial use. The ring may be three, five, or six membered, and
there may be other hetero atoms in addition to nitrogen.

The hydrazine compounds are characteristized by their structure.
Amides are derivatives of acids, and some have wide usage as solvents.
Imines are highly reactive substances of the general structure, e.g.,
R,C=NH. Many of them appear to be biological alkylating agents and
to have radiomimetic properties. They are somewhat similar in these
respects to epoxy compounds, with the nitrogen group in place of an
oxygen in a ring structure.

The nitroso group, e.g.,—N=O, forms another reactive class of
nitrogen compounds widely used in synthetic chemical reactions. When
combined with a carbon atom, e.g., C—N=0,they often show skin irri-
tant or sensitizing properties, and some are methemoglobin formers.
When attached to the nitrogen of certain aliphatic amines, however, e.g.,
(CH;),—~N—N=0 (N-nitroso dimethyl amine), they sometimes be-
come potent experimental animal carcinogens.

ACRIDINE

DESCRIPTION

C,.H,N, acridine, is a colorless or light yellow crystal, very soluble
in boiling water.
SYNONYMS

Dibenzopyridine, 10-azaanthracene.
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POTENTIAL OCCUPATIONAL EXPOSURES

Acridine and its derivatives are widely used in the production of
dyestuffs such as acriflavine, benzoflavine, and chrysaniline, and in the
synthesis of pharmaceuticals such as aurinacrine, proflavine, and rivanol.

A partial list of occupations in which exposure may occur includes:

Chemical laboratory workers Drug makers
Coal tar workers Dye makers
Disinfectant makers Organic chemical synthesizers

PERMISSIBLE EXPOSURE LIMITS
There is no Federal standard for acridine.

ROUTE OF ENTRY
Inhalation of vapor.

HARMFUL EFFECTS
Local—

Acridine is a severe irritant to the conjunctiva of the eyes, the mu-
cous membranes of the respiratory tract, and the skin. It is a powerful
photosensitizer of the skin. Acridine causes sneezing on inhalation.

Systemic—

Yellowish discoloration of sclera and conjunctiva may occur, Mu-
tational properties have been ascribed to acridine, but its effect on hu-
mans is not known.

MEDICAL SURVEILLANCE

Evaluate the skin, eyes, and respiratory tract in the course of any
placement or periodic examinations.

SPECIAL TESTS
None commonly used. Can be detected in blood or urine.

PERSONAL PROTECTIVE METHODS

Prevent skin, eye, or respiratory contact with protective clothing,
gloves, goggles, and appropriate dust respirators. In case of spills or
splashes, the skin area should be thoroughly washed and the contam-
inated clothing changed. Clean work clothing should be supplied on a
daily basis, and the worker should shower prior to changing to street
clothes.

BIBLIOGRAPHY
Baldi G. 1953. Patologia professionale de acridina, Med. Lav. 44:240,

Sawicki, E.,, and C. R. Engel. 1969, Fluorimetric estimation of acridine in air-
borne and other particulates. Mikrochim. Acta. 1:91.

N,N-DIMETHYLFORMAMIDE

DESCRIPTION
HCON(CH,),, dimethylformamide, is a colorless liquid which at
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25 C is soluble in water and organic solvents. It has a fishy, unpleasant
odor at relatively low concentrations, but the odor has no warning prop-
erty.

SYNONYMS
DMF, the “‘universal organic solvent,” DMFA.

POTENTIAL OCCUPATIONAL EXPOSURES

Dimethylformamide has powerful solvent properties for a wide
range of organic compounds. Because of dimethy! formamide’s physical
properties, it has been used when solvents with a slow rate of evapora-
tion are required.

It finds particular usage in the manufacture of polyacrylic fibers,
butadiene, purified acetylene, pharmaceuticals, dyes, petroleum products,
and other organic chemicals.

A partial list of occupations in which exposure may occur includes:

Acetylene purifiers Organic chemical synthesizers
Butadiene makers Petroleum refinery workers
Drug makers Resin makers
Dye makers Solvent workers

Synthetic fiber makers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (30 mg/m?®),

ROUTES OF ENTRY
Inhalation of vapor, and it is readily absorbed through intact skin.

HARMFUL EFFECTS
Local—
Dimethylformamide exposure may cause dermatitis.

Systemic—

Inhalation of dimethylformamide or skin contact with this chemical
may cause colicky abdominal pain, anorexia, nausea, vomiting, consti-
pation, diarrhea, facial flushing (especially after drinking alcohol), ele-
vated blood pressures, hepatomegaly, and other signs of liver damage.
This chemical has produced kidney damage in animals.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should be concerned par-
ticularly with liver and kidney function and with possible effects on the
skin.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS

Organic vapor masks or air supplied respirators may be required in
elevated vapor concentrations. Percutaneous absorption should be pre-
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vented by gloves and other protective clothing. Goggles should be used
to prevent eye splashes. In cases of spills or splashes, the wet clothing
should be immediately removed and the skin area thoroughly clecaned.
Clean clothing should be issued to workers on a daily basis and showers
taken before changing to street clothes.

BIBLIOGRAPHY

Clayton, J. W, Jr,, J. R, Barnes, D, B, Hood, and G. W. H. Schepers. 1963, The
inhalation toxicity of dimethylformamide (DMF). Am. Ind. Hyg. Assod. J.
24:144.

Martelli, D. 1960, Toxicology of dimethylformamide. Med, Lav. 51:123.

Massmann, W. 1956. Toxcological investigations on dimethylformamide. Br. J.
Ind. Med. 13:51.

Potter, H. P. 1973. Dimethylformamide-induced abdominal pain and liver injury.
Arch, Environ. Health 27:340.

ETHYLENEIMINE

DESCRIPTION

H,CNHCH., ethyleneimine, is a colorless volatile liquid with an
ammoniacal odor.

SYNONYMS
Azacyclopropane, aziridine, dimethylencimine, ethylenimine, vinyl-
amine, azirane, dihydroazirine, EI.

POTENTIAL OCCUPATIONAL EXPOSURES

Ethyleneimine is a highly reactive compound and is used in many
organic synthesesis. The polymerization products, polyethyleneimines,
are used as auxiliaries in the paper industry and as flocculation aids in
the clarification of effluents. It is also used in the textile industry for
increasing wet strength, flameproofing, shrinkproofing, stiffening, and
waterproofing.

A partial list of occupations in which exposure may occur includes:
Effluent treaters Organic chemical synthesizers
Paper makers Textile makers
Polyethyleneimine makers

PERMISSIBLE EXPOSURE LIMITS

Ethyleneimine was included in the Federal standard for carcinogens;
all contact with it should be avoided.
ROUTES OF ENTRY

Inhalation and percutaneous absorption.

HARMFUL EFFECTS

Local—

The vapor is strongly irritating to the conjunctiva and cornea, the
mucous membranes of the nose, throat, and upper respiratory tract, and
the skin. The liquid is a severe irritant and vesicant in humans, and
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severe eye burns have followed contact with the cornea. Skin sensitiza-
tion has occurred.

Systemic—

Acute exposures in humans have caused nausea, vomiting, head-
aches, dizziness, and pulmonary edema. In mice acute lethal exposures
to vapor produced pulmonary edema, renal damage, and hematuria.
Compounds with the aziridine structure have some of the properties of
alkylating agents. Ethyleneimine has been reported to induce mutagenic
effects in in vitro cultures, microorganisms, plants, and animals.

In repeated exposures rodents have developed pancytopenia and
gonadal effects. Rats given twice weekly subcutaneous injections of
ethyleneimine in oil for about 33 weeks developed sarcoma at the in-
jection site and one case of transitional cell carcinoma in the kidney was
observed. Feeding experiments with mice at 13 ppm in the diet for 74
weeks produced hepatomas and pulmonary tumors. These effects have
not been reported in humans.

MEDICAL SURVEILLANCE

Based partly on animal experimental data, examinations should in-
clude history of exposure to other carcinogens, smoking, alcohol, medi-
cations, and family history. The skin, eye, lung, liver, and kidney should
be evaluated. Sputum or urine cytology may be helpful,

SPECIAL TESTS

None in common use. Chromosomal studies have been made, but
are probably not useful for routine surveillance.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering control and prevent
all skin or respiratory exposure. Full body protective clothing and gloves
should be used. Fullface supplied air respirators with continuous flow
or pressure demand type should also be used. Eyes should be protected
at all times. On exit from a regulated area employees should shower
and change to street clothes, leaving their protective clothing and equip-
ment at the point of exit, to be placed in impervious containers at the
end of the work shift for decontamination or disposal.

BIBLIOGRAPHY
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demic Press, New York.
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and J. Peters. 1969. Bioassay of pesticides and industrial chemical for tumor-
igenicity in mice: a preliminary note. J. Natl. Cancer Inst. 41:1101.
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HEXAMETHYLENETETRAMINE

DESCRIPTION
(CH,)N,, hexamethylenetetramine, is an odorless, crystalline solid.

SYNONYMS
Methenamine, hexamine, formamine, ammonioformaldehyde.

POTENTIAL OCCUPATIONAL EXPOSURES

Hexamethylenetetramine is used as an accelerator in the rubber in-
dustry, as a curing agent in thermosetting plastics, as a fuel pellet for
camp stoves, and in the manufacture of resins, pharmaceuticals, and

explosives.
A partial list of occupations in which exposure may occur includes:
Drug makers Resin makers
Explosive makers Rubber makers
Fuel tablet makers Textile makers
Phenol-formaldehyde resin Urea-formaldehyde resin workers
workers

PERMISSIBLE EXPOSURE LIMITS
There is no Federal standard for hexamethylenetetramine.

ROUTES OF ENTRY
Ingestion and skin contact.

HARMFUL EFFECTS
Local—
Very mild skin irritant.
Systemic—
None. Side effects from ingestion are urinary tract irritation, skin

rash, and digestive disturbances. Large oral doses can cause severe
nephritis which may be fatal,

MEDICAL SURVEILLANCE
No specific considerations are necessary.

SPECIAL TESTS
None.

PERSONAL PROTECTIVE METHODS
If repeated or prolonged skin exposure is likely, gloves or protec-
tive clothing may be needed.

HYDRAZINE and DERIVATIVES

DESCRIPTION
Hydrazine (H,N—NH,) is a colorless, oily liquid with an ammo-
niacal odor. Phenylhydrazine (C,;H.,NHNH,) is an oily, colorless liquid
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or a crystalline solid. Dimethylthydrazine, UDMH, ((CH,),—N-—NH,)
is a hygroscopic mobile liquid. Hydrazine and UDMH are soluble in
water and alcohol. Phenylhydrazine is slightly soluble in water.

SYNONYMS

Hydrazine: Hydrazine base, diamine.

Phenylhydrazine: Hydrazinobenzene.

Dimethylhydrazine: UDMH, 1,1-dimethylhydrazine, asymmetrical
dimethylhydrazine.

POTENTIAL OCCUPATIONAL EXPOSURES

Both UDMH and hydrazine are used in liquid rocket fuels. Be-
cause of its strong reducing capabilities, hydrazine is used as an inter-
mediate in chemical synthesis and in photography and metallurgy. It is
also used in the preparation of anticorrosives, textile agents, and pesti-
cides, and as a scavenging agent for oxygen in boiler water. Hydrazine
salts find use as fluxes in soft soldering and aluminum soldering. Phenyl-
hydrazine is very reactive with carbonyl compounds and is a widely used
reagent in conjunction with sugars, aldehydes, and ketones, in addition
to its use in the synthesis of dyes, pharmaceuticals such as antipyrin,
cryogenin, and pyramidone, and other organic chemicals. The hydro-
chloride salt is used in the treatment of polycythemia vera,

A partial list of occupations in which exposure may occur includes:

Acrylic and vinyl textile dyers Insecticide makers

Agricultural chemical makers Jet fuel workers

Anticorrosion additive makers Oxygen scavenger makers
Antioxidant workers Photographic developer makers
Boiler operators Rocket fuel workers

Chemists Solder flux makers

Drug makers Water treaters

PERMISSIBLE EXPOSURE LIMITS

The Federal standard compounds are:
Hydrazine 1 ppm (1.3 mg/m*)
Phenylhydrazine 5 ppm (22 mg/m,)
Dimethythydrazine 0.5 ppm (1 mg/m?*)

ROUTES OF ENTRY
Inhalation and percutaneous absorption.

HARMFUL EFFECTS
Local—

Al three compounds have similar toxic local effects due to their
irritant properties. The vapor is highly irritating to the eyes, upper res-
piratory tract, and skin, and causes delayed eye irritation. Severe ex-
posure may produce temporary blindness. The liquid is corrosive, pro-
ducing penetrating burns and severe dermatitis. Permanent corneal les-
ions may occur if the liquid is splashed in the eyes. A sensitization der-
matitis may be produced.
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Systemic—

Inhalation of hydrazine may cause dizziness and nausea. In ani-
mals hydrazine has caused liver and kidney damage and pulmonary
edema. It has also been reported to cause adenocarcinoma of the lung
and liver in animals.

MEDICAL SURVEILLANCE

Based partly on experimental animal data, placement should in-
clude a history of exposure to other carcinogens, smoking, alcohol, medi-
cations, and family history. The skin, eye, lungs, liver, kidney, blood,
and central nervous system should be evaluated. Sputum or urine cy-
tology may give useful information.

SPECIAL TESTS

Hydrazine may be detected in the blood; UDMH has been meas-
ured in blood and urine. Some phenylhydrazine metabolites are known.
None of these are in common use, however.

PERSONAL PROTECTIVE METHODS

Protective clothing, gloves, and goggles should be worn to reduce
any skin or eye contact. Fullface supplied air masks and full protective
clothing may be required if vapor concentrations are significant. Clean
work clothes should be supplied on a daily basis, and workers should
shower prior to change to street clothes.

BIBLIOGRAPHY
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N-NITROSODIMETHYLAMINE

DESCRIPTION
(CH,) ,NN =0, n-nitrosodimethylamine (DMN), is a yellow lig-
uid of low viscosity, soluble in water, alcohol, and ether.

SYNONYMS
Dimethylnitrosamine, DMN.

POTENTIAL OCCUPATIONAL EXPOSURES

DMN is used in the manufacture of dimethylhydrazine. It has also
been used as an industrial solvent and a nematocide. There are patents
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for its use as a solvent in the fiber and plastics industry, as an antioxi-
dant, as a softener for copolymers, as an additive for lubricants, and in
condensers to increase the dielectric constant,
A partial list of occupations in which exposure may occur includes:
Dimethylhydrazine makers Solvent workers
Nematocide makers

PERMISSIBLE EXPOSURE LIMITS

DMN is included in the Federal standard for carcinogens; all con-
tact with it should be avoided.

ROUTES OF ENTRY
Inhalation of vapor and possibly percutaneous absorption.

HARMFUL EFFECTS
Local—

The liquid and vapor are not especially irritating to the skin or
eyes, and warning properties are poor.

Systemic—

DMN is a highly toxic substance in most species, including man.
Systemic effects are characterized by onset in a few hours of nausea and
vomiting, abdominal cramps, and diarrhea. Also headache, fever, weak-
ness, enlargement of the liver, and jaundice may occur. Chronic ex-
posures may lead to liver damage (central necrosis), with jaundice and
ascites. There have been a number of reported cases, including severe
liver injury in man and one death. Autopsy revealed an acute diffuse
centrolobular necrosis. Recovery occurred in other cases.

In rats, guinea pigs, and other experimental animals, DMN is a
highly potent carcinogen, producing malignant tumors, primarily of the
liver and kidney, but also in the lung. Both ingestion and inhalation
routes have produced tumors. These have not been reported in man,
but in view of its potency in various other species, the material has been
presumed to be carcinogenic in man also.

MEDICAL SURVEILLANCE

Based on human experience and on animal studies, preplacement
and periodic examinations should include a history of exposure to other
carcinogens, alcohol and smoking habits, medications, and family his-
tory. Special attention should be given to liver size and function, and
to any changes in lung symptoms or X-rays. Renal function should be
followed. Sputum and urine cytology may be useful.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

These are designed to supplement engineering controls and to pre-
vent all contact with the skin, eyes, or respiratory tract. Full body pro-
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tective clothing and gloves should be provided and also appropriate type
fullface supplied air respirators of continuous flow or pressure demand
type. On exit from a regulated area, employees should be required to
shower before changing into street clothes, leaving their protective
clothing and equipment at the point of exit, to be placed in impervious
containers at the end of the work shift for decontamination or disposal.

BIBLIOGRAPHY

Jacobson, K. H., H. G. Wheelwright, Jr., J. H. Clem, and R. N. Shannon. 1955.
Studies on the toxicology of n-nitrosodimethylamine vapor. AMA Arch. Ind.
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World Health Organization, International Agency for Research on Cancer. 1972,
IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Man, Vol. 1. International Agency for Research on Cancer, Lyon.

PYRIDINE

DESCRIPTION

C.H.N, pyridine, is a colorless liquid with an unpleasant odor.
It is both flammable and explosive when exposed to a flame and de-
composes on heating to release cyanide fumes. Pyridine is soluble in
water, alcohol, and ether. The odor can be detected well below 1 ppm.

SYNONYMS
Azine.

POTENTIAL OCCUPATIONAL EXPOSURES

Pyridine is used as a solvent in the chemical industry and as a de-
naturant for ethyl alcohol. It is used in the manufacture of paints, ex-
plosives, dyestuffs, rubber, vitamins, sulfa drugs, and disinfectants.

A partial list of occupations in which exposure may occur includes:

Alcohol denaturant makers Paint makers
Alcohol denaturers Rubber workers
Drug makers Resin workers
Dye makers Solvent workers
Explosive workers Vitamin makers

Organic chemical synthesizers
PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 5 ppm (15 mg/m?®).

ROUTES OF ENTRY

Inhalation of vapor and percutaneous absorption of liquids.
HARMFUL EFFECTS
Local—

Irritation of the conjunctiva of the eye and cornea and mucous
membranes of the upper respiratory tract and skin may occur. It oc-
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casionally causes skin sensitization, and photosensitization has been
reported.

Systemic—

Very high concentrations may cause narcosis. Repeated, intermit-
tent, or continuous low level exposure may lead to transient effects on
the central nervous system and gastrointestinal tract. The symptoms in-
clude headache, dizziness, insomnia, nervousness, anorexia, nausea,
vomiting, and diarrhea. Low back pain and urinary frequency with no
changes in urine sediment or liver or renal function and complete re-
covery have been reported to follow exposures to about 100 ppm. Liver
and kidney injury have been reported from its use as an oral medication.

MEDICAL SURVEILLANCE

Placement and periodic examinations should consider possible ef-
fects on skin, central nervous system, and liver and kidney function.

SPECIAL TESTS

None in common use. Metabolites are known and can be deter-
mined in blood and urine,

PERSONAL PROTECTIVE METHODS

Rubber and plastic gloves should not be relied upon to prevent con-
tact with pyridine as its salts penetrate the material. The odor is de-
tectable at less than 1 ppm but cannot be relied upon as a preventive.
In areas of elevated vapor concentration, workers should be supplied
with fullface supplied air masks and protective clothing. Clothing that
is contaminated by spills or splashes should be immediately changed
and discarded and the area of involved skin thoroughly washed. Clean
work clothes should be supplied daily with the worker showering after
his shift before changing to street clothes.

BIBLIOGRAPHY
Baldi, D. 1953. Patologia professional da piridina. Med. Lav. 44:244.

N,N-DIMETHYLACETAMIDE

DESCRIPTION

CH,CON(CH,),, dimethylacetamide, is a colorless, nonvolatile
liquid.
SYNONYMS

Acetic acid dimethylamide, DMA, DMAC, acetyl dimethylamide.

POTENTIAL OCCUPATIONAL EXPOSURES
Dimethylacetamide is used commercially as a solvent in various in-
dustries.

A partial list of occupations in which exposure may occur includes:
Solvent workers
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PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 10 ppm (35 mg/m®), skin.

ROUTES OF ENTRY
Inhalation of vapor and absorption through intact skin.

HARMFUL EFFECTS
Local—
None known.

Systemic—

Jaundice has been noted in workers exposed chronically to di-
methylacetamide vapor although skin absorption may also have oc-
curred. Liver injury consists of cord-cell degeneration, but recovery is
usually rapid. Other symptoms from large oral doses as an anticancer
drug include depression, lethargy, and visual and auditory hallucinations.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should give special
attention to skin, central nervous system, and liver function or disease.

SPECIAL TESTS
None commonly used.

PERSONAL PROTECTIVE METHODS

Organic vapor masks or air supplied respirators may be required
in elevated vapor concentrations, Percutaneous absorption should be
prevented by gloves and other protective clothing. Goggles should be
used to prevent eye splashes. In cases of spills or splashes, the wet
clothing should be immediately removed and the involved skin area thor-

oughly cleaned. Clean clothing should be issued to workers on a daily
basis and showers taken before changing to street clothes.

BIBLIOGRAPHY

Hornj ll; J. 1961. Toxicology of dimethylacetamide. Toxicol. Appl. Pharmacol.

MISCELLANEOUS ORGANIC CHEMICALS

BETA-PROPIOLACTONE

DESCRIPTION

OCH,CH,CO, beta-propiolactone, is a colorless liquid which slowly
hydrolyzes to hydracrylic acid and must be cooled to remain stable,
SYNONYMS

2-Oxetanone, propiolactone, BPL, 3-hydroxy-beta-lactone-propanoic
acid.
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POTENTIAL OCCUPATIONAL EXPOSURES

beta-Propiolactone is used as a chemical intermediate in synthesis
of acrylate plastics and as a vapor sterilizing agent, disinfectant, and a
viricidal agent.

A partial list of occupations in which exposure may occur includes:

Acrylate plastic makers Plastic makers
Chemists Resin makers
Disinfectant workers Viricidal agent makers

PERMISSIBLE EXPOSURE LIMITS

beta-Propiolactone is included in the Federal standards for carcin-
ogens; all contact with it should be avoided.

ROUTES OF ENTRY
Inhalation of vapor and percutaneous absorption.

HARMFUL EFFECTS
Local—

Repeated or prolonged contact with liquid may cause erythema,
vesication of the skin, and, as reported in animals, hair loss and scarring.
In rodents, beta-propiolactone has also produced skin papilloma and
sarcoma by skin painting, subcutaneous injection, and oral administra-
tion. Tumors of the connective tissue are also suspected. Direct eye
contact with concentrated liquid may result in permanent corneal opaci-
fication. Skin cancer has not been reported in man.

Systemic—

The systemic effect of beta-propiolactone in humans is unknown
due to lack of reported cases. Acute exposure in animals has caused
liver necrosis and renal tubular damage. Death has occurred following
rapid development of spasms, dyspnea, convulsions, and collapse at rel-
atively low levels (less than 5 ml/kg.) Beta propiolactone has been
implicated as a carcinogen by a number of animal studies which pro-
duced a variety of skin tumors, stomach tumors, and hepatoma depend-
ing on the route of administration.

MEDICAL SURVEILLANCE

Based on its high toxicity and carcinogenic effects in animals, pre-
placement and periodic examinations should include a history of ex-
posure to other carcinogens, alcohol and smoking habits, medication
and family history. The skin, eye, lung, liver, and kidney should be
evaluated. Sputum cytology, may be helpful in evaluating the pres-
ence or absence of carcinogenic effects.

SPECIAL TESTS
None in common use.

PERSONAL PROTECTIVE METHODS
These are designed to supplement engineering controls and to pre-
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vent all contact with skin or respiratory tract. Full body protective
clothing and gloves should be provided as well as fullface supplied air
respirators of continuous flow or pressure demand type. Employees
should remove and leave protective clothing and equipment at the point
of exit, to be placed in impervious containers at the end of work shift
for decontamination or disposal. Showers should be taken before dress-
ing in street clothes.

BIBLIOGRAPHY
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TRICRESYL PHOSPHATES

DESCRIPTION

Tricresyl phosphates are available as the ortho-isomer (TOCP),
the meta-isomer (TMCP), and the para-isomer (TPCP). The ortho-
isomer is the most toxic of the three; the meta- and para-isomers are
relatively inactive. The commercial product may contain the ortho-
isomer as a contaminant unless special precautions are taken during
manufacture. Pure tri-para-cresylphosphate is a solid, and ortho- and
meta- are colorless, oily, odorless liquids.

SYNONYMS
Tritolyl phosphate, TCP.

POTENTIAL OCCUPATIONAL EXPOSURES

Tricresyl phosphate is used as a plasticizer for chlorinated rubber,
vinyl plastics, polystyrene, polyacrylic, and polymethacrylic esters, as an
adjuvant in milling of pigment pastes, as a solvent and as a binder in
nitrocellulose and various natural resins, and as an additive to synthetic
lubricants and gasoline. It is also used as hydraulic fluid, fire retardant
and in the recovery of phenol in coke-oven waste waters.

A partial list of occupations in which exposure may occur includes:

Gasoline additive makers Polystyrene makers

Gasoline blenders Polyvinyl chloride makers
Hydraulic fluid workers Solvent workers

Lead scavenger makers Surgical instrument sterilizers
Nitrocellulose workers Waterproofing makers
Plasticizer workers

PERMISSIBLE EXPOSURE LIMITS

The Federal standard for tri-ortho-cresyl phosphate is 0.1 mg/m?;
there is no standard for the meta- and para-isomers.
ROUTES OF ENTRY

Inhalation of ortho-isomer vapor or mist, especially when heated;
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ingestion and percutaneous absorption of liquids. The widespread epi-
demics of poisoning that have occurred have been due to ingested ortho-
isomer as a contaminant of foodstuff. There have been relatively few
reports of neurological symptoms in workers handling these substances.
Experimental human studies with labeled phosphorus derivatives show
only 0.4% of the applied dose was absorbed.

HARMFUL EFFECTS

Local—
None reported.

Systemic—

The major effects from inhaling, swallowing, or absorbing tricresyl
phosphate through the skin are on the spinal cord and peripheral ner-
vous system; the poison attacking the anterior horn cells and pyramidal
tract as well as the peripheral nerves. Gastrointestinal symptoms on
acute exposure (nausea, vomiting, diarrhea, and abdominal pain) are
followed by a latent period of 3 to 30 days with the progressive develop-
ment of muscle soreness and numbness of fingers, calf muscles, and
toes, with foot and wrist drop. In chronic intoxication, the g.i. symp-
toms pass unnoticed, and after a long latent period, flaccid paralysis of
limb and leg muscles appear. There are minor sensory changes and no
loss of sphincter control.

MEDICAL SURVEILLANCE

Preplacement and periodic examinations should include evaluation
of spinal cord and neuromuscular function, especially in the extremities,
and a history of exposure to other organo-phosphate esters, pesticides,
or neurotoxic agents. Periodic cholinesterase determination may relate
to exposure, but not necessarily to neuromuscular effect.

SPECIAL TESTS

None used except for determination of serum or red cell choline or
acetylcholine esterases.

PERSONAL PROTECTIVE METHODS

Protective clothing should be worn to prevent skin absorption and,
where dust or vapor concentrates, masks should be supplied to employ-
ees.
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CARBON DISULFIDE

DESCRIPTION

CS,, carbon disulfide, is a highly refractive, flammable liquid which
in pure form has a sweet odor and in commercial and reagent grades
has a foul smell. It can be detected by odor at about 1 ppm but the
sense of smell fatigues rapidly and, therefore, odor does not serve as a
good warning property. It is slightly soluble in water, but more soluble
in organic solvents.

SYNONYMS
Carbon bisulfide, dithiocarbonic anhydride.

POTENTIAL OCCUPATIONAL EXPOSURES

Carbon disulfide is used in the manufacture of viscose rayon,
ammonium salt, carbon tetrachloride, carbanilide, xanthogenates, flota-
tion agents, soil disinfectants, dyes, electronic vacuum tubes, optical
glass, paints, enamels, paint removers, varnishes, varnish removers,
tallow, textiles, explosives, rocket fuel, putty, preservatives, and rubber
cement; as a solvent for phosphorus, sulfur, selenium, bromine, iodine,
alkali cellulose, fats, waxes, lacquers, camphor, resins, and cold vul-
canized rubber. It is also used in degreasing, chemical analysis, electro-
plating, grain fumigation, oil extraction, and drycleaning.

A partial list of occupations in which exposure may occur includes:

Ammonium salt makers Putty makers
Bromine processors Rayon makers
Carbon tetrachloride makers Resin makers
Degreasers Rocket fuel makers
Drycleaners Rubber cement makers
Electroplaters Rubber workers

Fat processors Sulfur processors
Flotation agent makers Tallow makers
Todine processors Textile makers

Qil processors Vacuum tube makers
Paint workers Varnish makers
Preservative makers Wax processors

PERMISSIBLE EXPOSURE LIMITS

The Federal standard is 20 ppm (60 mg/m®) determined as an
8-hour TWA. The acceptable ceiling concentration is 30 ppm (90
mg/m?®) with a maximum peak above this for an 8-hour workshift of
100 ppm (300 mg/m?) for a maximum duration of 30 minutes.

ROUTES OF ENTRY

Inhalation of vapor which may be compounded by percutaneous

absorption of liquid or vapor.
HARMFUL EFFECTS
Local—

Carbon disulfide vapor in sufficient quantities is severely irritating to
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eyes, skin, and mucous membranes. Contact with liquid may cause blis-
tering with second and third degree burns. Skin sensitization may occur.
Skin absorption may result in localized degeneration of peripheral nerves
which is most often noted in the hands. Respiratory irritation may re-
sult in bronchitis and emphysema, though these effects may be over-
shadowed by systemic effects.

Systemic—

Intoxication from carbon disulfide is primarily manifested by
psychological, neurological, and cardiovascular disorders. Recent evi-
dence indicates that once biochemical alterations are initiated they may
remain latent; clinical signs and symptoms then occur following subse-
quent exposure.

Following repeated carbon disulfide exposure, subjective psycho-
logical as well as behavioral disorders have been observed. Acute ex-
posures may result in extreme irritability, uncontrollable anger, suicidal
tendencies, and a toxic manic depressive psychosis. Chronic exposures
have resulted in insomnia, nightmares, defective memory, and impotency.
Less dramatic changes include headache, dizziness, and diminished men-
tal and motor ability, with staggering gait and loss of coordination.

Neurological changes result in polyneuritis. Animal experimenta-
tion has revealed pyramidal and extrapyramidal tract lesions and gen-
eralized degeneration of the myelin sheaths of peripheral nerves. Chronic
exposure signs and symptoms include retrobulbar and optic neuritis,
loss of sense of smell, tremors, paresthesias, weakness, and, most typ-
ically, loss of lower extremity reflexes.

Atherosclerosis and coronary heart disease have been significantly
linked to exposure to carbon disulfide. Atherosclerosis develops most
notably in the blood vessels of thc brain, glomeruli, and myocardium.
Abnormal electroencephalograms and retinal hypertension typically
occur before renal involvement is noted. Any of the above three areas
may be affected by chronic exposure, but most often only one aspect
can be observed. A significant increase in coronary heart disease mor-
tality has been observed in carbon disulfide workers. Studies also reveal
higher frequency of angina pectoris and hypertension. Abnormal elec-
trocardiograms may also occur and are also suggestive of carbon disul-
fide’s role in the etiology of coronary disease.

Other specific effects include chronic gastritis with the possible de-
velopment of gastric and duodenal ulcers; impairment of endocrine ac-
tivity, specifically adrenal and testicular; abnormal erythrocytic develop-
ment with hypochromic anemia; and possible liver dysfunction with ab-
normal serum cholesterol. Also in women, chronic menstrual disorders
may occur. These effects usually occur following chronic exposure and
are subordinate to the other symptoms.

Recently human experience and animal experimentation have indi-
cated several possible biochemical changes. Carbon disulfide and its
metabolites (i.e., dithiocarbamic acids and isothiocyanates) show amino
acid interference, cerebral monoamine oxidase inhibition, endocrine dis-
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orders, lipoprotein metabolism interference, blood protein, and zinc
Ievel abnormalities, and inorganic metabolism interference due to che-
lating of polyvalent ions. The direct relationship between these bio-
chemical changes and clinical manifestations is only suggestive.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should be con-
cerned especially with skin, eyes, central and peripheral nervous system,
cardiovascular disease, as well as liver and kidney function. Electro-
cardiograms should be taken,

SPECIAL TESTS

CS, can be determined in expired air, blood, and urine. The iodine-
azide test is most useful although non-specific, and it may indicate other
sulfur compounds.

PERSONAL PROTECTIVE METHODS

Local exhaust, gencral ventilation, and personal protective equip-
ment should be utilized. In modern manufacture, CS, fumes are gen-
erally controlled by closed operations. Where fumes are present in un-
acceptable concentrations, vapor gas mask with fullface or used air
respirators should be used. In all areas where there is likelihood of spill
or splash on any skin area, protection should be afforded by protective
clothing, goggles, face shields, aprons, and coats.
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DIMETHYL SULFATE

DESCRIPTION

(CH,).SO,, dimethyl sulfate, is an oily, colorless liquid slightly
soluble in water, but more soluble in organic solvents.
SYNONYMS

Sulfuric acid dimethyl ester.
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POTENTIAL OCCUPATIONAL EXPOSURES

Industrial use of dimethyl sulfate is based upon its methylating
properties. It is used in the manufacture of methyl esters, ethers and
amines, in dyes, drugs, perfume, phenol derivatives, and other organic
chemicals. It is also used as a solvent in the separation of mineral oils.

A partial list of occupations in which exposure may occur includes:

Amine makers Organic chemical synthesizers
Drug makers Perfume makers
Dye makers Phenol derivative makers

Methylation workers

PERMISSIBLE EXPOSURE LIMITS
The Federal standard is 1 ppm (5 mg/m?).

ROUTES OF ENTRY
Inhalation of vapor; percutancous absorption of liquid.

HARMFUL EFFECTS
Local—

Liquid is highly irritating and causes skin vesiculation and anal-
gesia. Lesions are typically slow-healing and may result in scar tissue
while analgesia may last several months. Liquid and vapor are irrita-
ting to the mucous membranes, and exposure produces lacrimation,
rhinitis, edema of thc mucosa of the mouth and throat, dysphagia, sore
throat, and hoarseness. Irritation of the skin and mucous membranes
may be delayed in appearance. Eye irritation may result in conjuncti-
vitis, keratitis, and photophobia. In severe cases corneal opacities, per-
foration of the nasal septum and permanent or persistent visual disor-
ders have been reported.

Systemic—

The toxicity of dimethy! sulfate is based upon its alkylating prop-
erties and its hydrolysis to sulfuric acid and methyl alcohol. Acute ex-
posure may cause respiratory dysfunctions such as pulmonary edema,
bronchitis, and pneumonitis following a latent period of 6 to 24 hours.
Cerebral edema and other central nervous system effects such as drowsi-
ness, temporary blindness, tachycardia or bradycardia may be linked to
dimethyl sulfate’s effect on nerve endings. Secondary pulmonary effects
such as susceptibility to infection, as well as, more pronounced effects
in those persons with preexisting respiratory disorders, are also note-
worthy. Chronic poisoning occurs only rarely and is usually limited to
ocular and respiratory disabilities. It has been reported to be carcin-
ogenic in rats, but this has not been verified in man.

MEDICAL SURVEILLANCE

Preplacement and periodic medical examinations should give special
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